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PAGE 1 OF ~?~* 
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NO: (415) 369-7921 



Please find attached typical results for your samples. A 2 mm x 0.8 mm 
analysis area was selected for this work. 

Elements C, 0, N. Si. Cl , S. Ni, Zn, Sn. K. Ca. Mg and Cr are detected at the 
surface for the Nickel Cathode Sample #A. The concentration for C is 
approximately 52 atX. while chat for Ni is approximately 9 atX. The 
concentrations for Ca (approximately 0.1 atX) and Mg (approximately 0.2 atX) 
are considered maximum values due to the noisy spectra. 

Elements C. 0, N, Si. S, Ni , Zn. Sn, Mg and Cr are detected at the surface 
for the Nickel Cathode Sample #B. The concentration for C is approximately 41 
atX, while that for Ni is approximately 13 atX . 

This analysis involved approximately 8 hours of instrument time. You will be 
invoiced for 6 hours ($1800.00). as quoted. If you have any questions 
regarding this work, please call me. 

Sincerely, 

Angela Y. CraLg 
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CHARLES EVANS & ASSOCIATES 

Time of Flight-Secondary Ion Mass Spectroscopy Report 



CONFIDENTIAL 



Company's Summary of the Charles Evans Results 



Lehigh University has conducted an extensive investigation of the 
cathodes from heat producing as well as those from control cells and has 
determined that the results lend some support to Mills' theory. See 
Exhibit 6- Lehigh University XPS Report. 

The XPS results were confirmed at National Laboratory A followed 
by Time of Flight-Secondary Ion Mass Spectroscopy (TOF-SIMS) analysis of 
the nickel surface. Iron and lithium were the only remaining atoms which 
were in question by Lehigh University and National Laboratory A as the 
source of the 54.6 eV XPS peak. The Charles Evans TOF-SIMS results 
demonstrate that iron and lithium were not the source of this peak. TOF- 
SIMS is orders of magnitude more sensitive in the identification of the 
presence of a given atom as compared to XPS. TOF-SIMS of Samples #1, 
#2, #3,#4 showed that no lithium was detected. TOF-SIMS of Sample 1# 
and Sample #2 showed that iron was at the detection limit which was far 
less than the amount required for an observable signal by XPS. TOF-SIMS 
of Sample #3, the control virgin nickel tube, contained six times the iron 
as Sample #4, but no 54.6 eV XPS peak was observed in the case of Sample 
#3. • Therefore, iron was eliminated as the source of the 54.6 eV XPS peak 
of Sample #4. See Exhibit 7-Charles Evans Time of Flight-Secondary Ion 
Mass Spectroscopy Report. 

The descriptions of the samples sent to Charles Evans & Associates by 
National Laboratory A are as follows: 

Sample #1 

This sample is Sample # 9 of Lehigh University shown in Figure 34 of 
the Lehigh University XPS Report which is attached. The XPS was also 
performed on this sample at National Laboratory A. The survey 
spectrum is shown as Nitest21 which is attached. The spectrum in the 
region of 55 eV is shown as Nitest20 which is attached. 



Sample #2 

Electrolysis followed by XPS was performed at National Laboratory A. 
The cathode comprised approximately 60 cm of 0.38 mm diameter 
nickel wire (99 % Alfa # 10249, cold drawn, clean Ni wire) that was 
cleaned by placing it in a beaker of 0.57 M K2CO3 /3% H2O2 for 10 
hours and then rinsing them with distilled water. The anode comprised 
a 5 cm by 5 cm platinized titanium mesh. The electrolyte solution was 

0.57 M aqueous K2CO3 (Aldrich K2CO3 * | H2O 99+%). Electrolysis was 

performed with a constant current of 8 milliamps which corresponded 
to approximately 0.5 milliamp per square centimeter for 24 hours. The 
cathode was removed and rinsed with distilled water followed by XPS 
analysis. The spectrum in the region of 55 eV is shown as Nitest50 
which is attached. 

Sample #3 

This sample was the virgin nickel tubing of the gas permeation cell 
fabricated and tested by Thermacore, Inc. which produced 50 watts of 
power at 300 °C having a nickel surface area of only 300 cm 2 . See 
Exhibit 1 3- Shaubach, R., Gernert, N. J., "Measurement of excess heat 
from nascent hydrogen with potassium carbonate on nickel without 
electrolysis", Phys. Letts. A, in progress. The XPS spectrum performed 
at Lehigh University is shown in Figure 4 which is attached. The same 
spectrum of this sample was also obtained at National Laboratory A. 

Sample #4 

This sample was the nickel tubing following the production of energy of 
the gas permeation cell fabricated and tested by Thermacore, Inc. The 
cell produced 50 watts of power at 300 °C having a nickel surface area 
of only 300 cm 2 . See Exhibit 1 3- Shaubach, R., Gernert, N. J., 
"Measurement of excess heat from nascent hydrogen with potassium 
carbonate on nickel without electrolysis", Phys. Letts. A, in progress. 
The XPS spectrum performed at Lehigh University is shown in Figure 4 
which is attached. The same spectrum of this sample was also obtained 
at National Laboratory A. 
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March 18, 1994 

Michael Jacox 
EG&G Idaho, Inc. 
Bldg. CF-601 

Idaho National Engineering Laboratory 
Scoville, Idaho 83415 

Subject TIME-OF-FLIGHT SECONDARY ION MASS SPECTROMETRY (TOF-SIMS) 

SURFACE ANALYSIS REPORT 
CE& A Number: 40150 
Purchase Order Number: 

Dear Mr. Jacox: 

Enclosed is the original copy of the fax report that was sent to you. I believe that the color 
images in this orginal copy will be more useful to you. 

If you have any questions please do not hesitate to contact me. 
Sincerely, 




Jang-Jung Lee, Ph.D. 

Staff Analyst 

Organic Surface Analysis 

Enclosures 



301 



Chesapeake Drive . Redwood City • CA • 94063 - (415)369-4567 . Telex 172747 . Fax (415) 369-7921 



CHARLES EVANS * ASSOCIATES 

SPECIALISTS IN MATERIALS CHARACTERIZATION 



FACSIMILE COMMUNICATION • FACSIMILE COMMUNICATION ♦ FACSIMILE COMMUNICATION 



COMPANY: EG&G Idaho Inc. REF NO: 



ATTENTION: 



Michael Jacox DATE: March 18, 1994 



DESTINATION PAGE J_OF_16_ 

FAX NO: (208)526-2061 

CE&A REPLY FAX 

FROM: J J.Lee NO: (415) 369-7921 

SUBJECT: TOF-SIMS Analysis (CE&A No. 40150) 

Here are the results from your Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) 
analysis. 

Purpose : To obtain mass spectra from two Ni wires, Sample U 1 and 2, and two Ni tubes. Sample 
# 3 and 4 Elemental contamination in the near surface layer (< 30 nm) is of interest. 

Experimental - TOF-SIMS mass spectra were acquired on the Charles Evans and Associates TFS 
system. Spectra were obtained using a gallium liquid metal ion gun (LMIG) primary ion 
source The instrument was operated in an ion microprobe mode in which the pulsed 
primary ion beam was rastered across the sample's surface, permitting the imaging mode 
analysis of small features. Typical primary ion doses were on the order of 10 12 ions/cm . 

Results The data are reported as mass spectra and ion images. Spectra are plotted as the number 
of secondary ions detected (Y-axis) versus the mass-to-charge (m/z) ratio ot the ions (X- 
axis) The ion counts are displayed on logarithmic or linear intensity scales, and probable 
empirical formulae for a number of the peaks are labeled on the plots Ion images present 
the integrated intensities of mass selected ions within the field of view as a function ot 
picture element, or pixel, position. 

General matenal about the interpretation of TOF-SIMS spectra is included at the end of 
the report. 

Discussion The positive ion spectra of the four samples are included in Figures I to 10. Figures 
4~to 10 contain expanded plots for various mass ranges to delineate different eleniental ion 
peaks. In each page the spectra from the top panel are tor Samples -1 . -2. -3 and #4. AJl 
the spectra were acquired after a short sputter clean to remove possible surtace 
contamination. 

The spectrum of Sample #1 contains peaks for Na* (Figs. 1. 4), Si" (I. 5), K* (1, 6), _Nr 
(I 9) Mg' (4) Al- (5) Mn- (8) and polydimethylsiloxane (PDMS at m/z 7j, 14/, ivi, 
221 etc Figs' I, 2 and 3). There may be very low intensity Cr and Fc (possible 
interference by Si,*) in Figures 7 and 8. PDMS is a commonly found surtace 
contamination (see attachment). The sputter clean process may have reduced the futvia 
amount in the analytical area. 
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Sample #2 contain* tfa* (Figs. 1, 4), Si* (1, 5), K* (1, 6), N. (1, 9), Mg* (4) and Al* (5). 
Low level Mn* ion may be present (8). 

Sample #3 shows peaks for Na* (Figs. 1, 4), Si* (5), K* (1, 6), Nr (1, 9), Mg* (4), Al* (1, 
5), Pb* (3), Ca* (6), Mn- (8) Cr (1, 7) and Fe + (1, 8). 

Sample M contains Na* (Figs. 1, 4), Si* (5), K* (1, 6), Ni* (1, 9), Mg* (4), Al* (5), Cr (7) 
and Fe* (8). 

Regarding the H detection from the four samples, ion intensities for NiH* and H* are 
normalized to Ni* and listed in Table I. 

In summary, various elemental ion species were found in the near surface analyses of the 
four samples. A few ion images acquired from Samples #1, #2 and #4 are included in 
Images 1 to 3 respectively. It appears that the ion distributions are not uniform in the 18 
p.m by 18 urn analytical fields. The non-uniformity in distributions are clearly shown m the 
ion images of Ni* and K* which are the most dominant ions. 

This analysis required 4 hours of instrument time at $375.00 per hour. The total charge of 
$1,500.00 will be invoiced against your purchase order. Please send us a purchase order number 
if you have done so. If any questions arise about these data, please feel free to contact me. 



Table I. Relative intensities of NiH* and H* (normalized to Ni*). 



Samples 


Ni~ ion counts 


H' 


NiH* 


m 


50230 


8.2% 


6.4% 


n 


3331 


20% 


2.1% 


#3 


344508 


3.7% 


2.7% 


#4 


83481 


4.6% 


5.5% 
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ACQUISITION TIME: 21-2 MIN . TOTAL INTEGRAL : 464364 



I -SCop TDC X-Y SOURCE: Raster TIME PER CHANNEL: t 
31,im RASTER TYPE: Full I 4 -Fold 



♦ IONS PRIMARY GUN: Cesium TIME RECORDER : 

DATA SET: 1 Spectra; 3 Image (s> RASTER SIZE: 

DATE : IS Mar 94 14: 6 ACQUISITION TIME : 1S.0 MIN TOTAL INTEGRAL : 23039) 

l-Stop TDC X-Y SOURCE : Raster TIME PER CHANNEL : L 
31nm RASTER TYPE: Full I 4 -Fold 



FILE NAME: "2 PI 



♦ IONS PRIMARY GUN: Cesium TIME RECORDER: 

DATA SET: 1 Spectra; 3 Image (s) RASTER SIZE: 

DATE : 15 Mar 94 10:15 ACQUISITION TIME: IS. I MIN. TOTAL INTEGRAL : 1240561 

i: I - Stop TDC X-Y SOURCE: Raster TIME PER CHANNEL: L 

31/im RASTER TYPE: Full I 4 -Fold 



FILE NAME: S3P1 
EGtG/JACOX. S3; 

♦ IONS PRIMARY GUN: Cesium TIME RECORDER : 

DATA SET: 1 Spectra; 2 Image (s) RASTER SIZE: 

DATE : 15 Mar 94 10:50 ACQUISITION TIME: 14.8 MIN . TOTAL INTEGRAL = 824811 

l-Stop TOC X-Y SOURCE : Raster TIME PER CHANNEL: I 
Jlpm RASTER TYPE: Full I 4-Fold FIGURE 



FILE NAME : 84P1 
EG&G/JACOX, S3; 

- IONS PRIMARY GUN: Cesium TIME RECORDER : 

OAT A GET: 1 Spectra; 6 Image (s) PASTER SIZE: 
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♦ IONS PRIMARY GUN: Cesium TIME RECORDER 

DATA SET: 1 Spectra; 3 Image (s) RASTER SIZE 
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DATA SET: 1 Spectra; 3 Image (3 » RASTER SIZE: 
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DATA SET: 1 Spectra; 2 Image (s) RASTER SIZE 
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FILE NAME : *4P1 
EGfcGAJACOX. S3; 
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DATA SET: 1 Spectra. 6 Image {3) RASTER SIZE 
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31nm RASTER TYPE: Full I 4 -Fold 
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Three sets of heat production and "ash" identifi- 
cation data are presented. An exothermic reaction is 
reported wherein the electrons of hydrogen and deu- 
terium atoms are stimulated to relax to quantized po- 
tential energy levels below that of the "ground state" 
via electrochemical reactants K+ and K+; Pd 2+ and 
Li+; or Pd and 0 2 of redox energy resonant with the 
energy hole (hat stimulates this transition. Calorime- 
try of pulsed current and continuous electrolysis of 
aqueous potassium carbonate (K + /K+ electrocatalytic 
couple) at a nickel cathode were performed. The excess 
output power of 41 W exceeded by a factor >8 the to- 
tal input power given by the product of the etectroty- 
sis voltage and current. The product of the exothermic 
reaction is atoms having electrons of energy below the 
ground state, which are predicted to form molecules. 
The predicted molecules were identified by their lack 
of reactivity with oxygen, by separation from molec- 
ular deuterium by cryo filtration, and by mass spectro- 
scopic analysis. 



HYDROCATALYSIS POWER CORPORATION THEORY 

Quantum mechanics based on the Schrodinger 
equation assumes that atomic-sized particles obey dif- 
ferent physical laws than macroscopic objects, which 
behave classically. To overcome the shortcomings of 
quantum mechanics, physical laws that are exact on all 
scales were sought. Rather than endowing the electron 
with a wave nature as suggested by the Davisson- 
Germer experiment and fabricating a set of associated 
postulates and mathematical rules for wave operators, 
we derived a new theory from first principles. In both 
theories, solutions to the classical wave equation were 
sought, and the solution of the equation of the electron 
is time harmonic. But, the novel theory departs from 
the usual theory in the solutions of the spatial func- 



tions. Rather than invoking a postulated boundary con- 
dition, $ -» 0 as r -* oo f which leads to a purely 
mathematical model, we derived the boundary condi- 
tion from Maxwell's equations 1 : For nonradiative 
states, the charge-density function must not possess 
space-time Fourier components that are synchronous 
with waves traveling at the speed of light. 

Application of this physical boundary condition 
leads to a physical model that is consistent with classi- 
cal physics. The novel theory 2 unifies Maxwell's equa- 
tions, Newton's laws, and Einstein's general and special 
relativity. Theoretical predictions conform with exper- 
imental observations. The closed-form calculations of 
a broad spectrum of fundamental phenomena contain 
fundamental constants only. Equations of the one- 
electron atom are derived that give four quantum num- 
bers, the Rydberg constant, the ionization energies, the 
results of the Stern-Gerlach experiment, the electron g 
factor, the spin angular momentum energies, the ex- 
cited states, the results of the Davisson-Germer exper- 
iment, the parameters of pair production, and the 
hyperfine structure interval of positronium. Ionization 
energies of two- and three-electron atoms are given as 
well as the bond energies, vibrational energies, and 
bond distances of molecular hydrogen and the molec- 
ular hydrogen ion. From the closed-form solution of 
the helium atom, the predicted electron scattering in- 
tensity is derived. The closed-form scattering equation 
matches the experimental data, whereas calculations 
based on the Born model of the atom "utterly fail" at 
small scattering angles. The implications for the inval- 
idity of the Schrodinger and Born models of the atom 
and the dependent Heisenberg uncertainty principle are 
discussed. The atomic equations of gravitation are de- 
rived from which the gravitational constant and the 
masses of the leptons and the neutron and proton are 
derived. The magnetic moments of the nucleons are 
derived. The beta decay energy of the neutron and 
the binding energy of deuterium are calculated. Also, 
the theory predicts exactly the spectral observations 
of the extreme ultraviolet background emission from 
interstellar matter, which characterizes dark matter; it 
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provides a resolution of the solar neutrino paradox, and 
-it provides a basis to produce heat in electrolytic cells 
that represents an endless supply of cheap, clean energy. 

A novel model of the electron 2 describes a bound 
electron by a charge-density (mass-density) function 
that is the product of a radial delta function [f{r) = 
d(r _ rn )] t two angular functions (spherical harmonic 
functions), and a time-harmonic function. Thus, an 
electron is a spinning, two-dimensional spherical sur- 
face, called an electron orbitsphere, that can exist m a 
bound state only at specified distances from the 
nucleus. v 



(1) 



where 
n = 1 

n = 2,3,4, . 
n 



2' 3» 4» 



ry = 



allowed wavelength for n — 1 
allowed radius for n - 1 . 



Higher and lower energy states are equally valid. 
The photon standing wave in both cases is given as a 
solution of Laplace's equation in harmonic coordinates: 

excited-state photon: 

e(na Q )' 1 



photon n./.m 



47T€ 0 



AI+2) 



1 + - Re|/[>r(<f>,0) 
r 



+ JT<(<M)]) 



)• 



for 



and 



n = 2,3,4, . . . , 
/= 1,2,. ...» - 1 • 



(2) 



for 



and 



n = 2,3,4, ... , 
/= 1,2 n - 1 , 



m,= -1,-1+ 1 0 +/ ; 

below-ground-state photon: 



From energy conservation, the resonance energy 
hole of a hydrogen atom that excites resonator modes 
of radial dimensions a 0 /(m + 1) is 



PHOTON-INDUCED STATES OF THE ONE-ELECTRON ATOM where 

It is well known that resonator cavities can trap 
electromagnetic radiation of discrete resonant frequen- 
cies. A bound electron is a resonator cavity and can trap 
photons of discrete frequencies. The relationship be- 
tween an allowed radius and the electron wavelength is 



m x 27.2 eV 



m = 1,2,3,4, . 



After resonant absorption of the hole, the radius of the 
orbitsphere a 0 shrinks to a 0 /{m+l). After p cycles of 
resonant shrinkage, the radius is a 0 /(mp + 1). 

In other words, the radial ground-state Field can be 
considered as the superposition of Fourier components. 
The removal of negative Fourier components of energy 
m x 27.2 eV, where m is an integer, increases the posi- 
tive electric field inside the spherical shell by m times 
the charge of a proton. The resultant electric field is a 
time-harmonic solution of LaPlace's equations in spher- 
ical coordinates, in this case, the radius at which force 
balance and nonradiation are achieved is a 0 /(m +1), 
where m is an integer. In the decay to this radius from 
the ground state, a total energy of [(m + l) 2 - 1 1 x 
1 3.6 eV is released. The potential energy well of the hy- 
drogen or deuterium atom is shown in Fig. 1 . The exo- 
thermic reaction is referred to as hydrogen emission by 
catalytic thermal electronic relaxation. 

An efficient catalytic system that hinges on the cou- 
pling of three resonator cavities involves potassium. For 
example, the second ionization energy of potassium is 
3 1 63 eV. This energy hole is obviously too high for res- 
onant absorption. However, K + releases 4.34 eV when 
it is reduced to K. The combination of K + to K and 
K + to K, then, has a net energy change of 27.28 eV: 

27.28 eV + K + + K + + H ffy - K + K 2+ 



t(p+n 



+ [<p+ D 2 -P 2 ] X *3.6eV 



(4) 
(5) 



e*r photon nj.m — r * /+2 > 

X 1-1 + ni>T(<M>+ y, Wj n . (3) 
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K + K 2+ - K + + K + + 27.28 eV . 
And, the overall reaction is 

H (?M^] +l <' + " ^ -'' ^l 

xl3.6eV. (6) 
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Fig. I. Potential energy well of a hydrogen atom. 



Other less efficient catalytic systems that hinge on 
the coupling of three resonator cavities exist. For ex- 
ample, the third ionization energy of palladium is 
32.93 eV. This energy hole is obviously too high for res- 
onant absorption. However, Li* releases 5.392 eV 
when it is reduced to Li. The combination of Pd 2+ to 
Pd 3+ and Li + to Li, then, has a net energy change of 
27.54 eV: 

27.54 eV 4- Li + + Pd 2+ + J 

_Li + Pd 3+ + Hf— ^~ ] 

+ [<P+ I) 2 -p 2 \ x 13.6 eV , (7) 
Li + Pd 3+ = Li* + Pd 2+ + 27.54 eV . (8) 



And, the overall reaction is 

\pj L(P+D 

+ [(/>+ D 2 -P 2 ] x 13.6 eV . (9). 

A catalytic system that hinges on the transfer of 
two electrons from an atom to a molecule involves pal- 
ladium and oxygen. For example, the first and second 
ionization energies of palladium are 8.34 and 19.43 eV, 
respectively, and the first and second electron affinities 
of the oxygen molecule are 0.45 and 0. 1 1 eV, respec- 
tively. The energy hole resulting from a two-electron 
transfer is appropriate for resonant absorption. The 
combination of Pd to Pd 2+ and 0 2 to Ol~, then, has 
a net energy change of 27.21 eV: 



27.21 eV + Pd + O z + 



«(?) 



- Pd 2+ + 0\- 



«0 



(p+ 1) 

+ [(p + l) 2 - p l ] x 13.6 eV 
Pd 2+ + 0 2 2 ~ - Pd + 0 2 + 27.21 eV 
And, the overall reaction is 

o 0 



(10) 
(ID 



+ \(P + l) 2 -P 2 \ x 13.6 eV 



(12) 



Additional atoms, molecules, or compounds that could 
be substituted for 0 2 are those with first and second 
electron affinities of -0.45 and 0. 1 1 eV, respectively, 
such as a mixed oxide (MnO r , AlO^, or S\O x ) contain- 
ing oxygen to form O 2 " or 0 2 to form O*". 

For sodium or sodium ions, no elect rocatalytic re- 
action of -27.21 eV is possible. For example, 42.15eV 
of energy is absorbed by the reverse of the reaction 
given in Fq. (5) where Na + replaces K + : 



Na + + Na* + 42.15 eV - Na + Na 2 + 



NEW HYDROGEN MOLECULE 



(13) 



According to HydroCatalysis Power Company 
(HPC) theory, a hydrino atom, a hydrogen atom with 
its electron in a lower-than-ground-state energy level 
corresponding to a fractional quantum number, has an 
unpaired electron and would bind to the nickel cath- 
ode. Bound hydrogen atoms demonstrate a high degree 
of mobility as shown by electron energy loss spectros- 
copy. 3 Hydrino atoms are predicted to possess high 
mobility that permits the possibility of subsequent 
shrinkage reactions and dihydrino-molecule-forming 
reactions. The hydrino must form muon-iike molecules, 
as indicated by the trace tritium production during the 
electrolysis of a K 2 C0 3 heavy water electrolyte with a 



FUSION TECHNOLOGY VOL. 25 JAN. 1994 



105 



Mills et al. DIHYDRINO MOLECULE 



nickel cathode. 2 Dihydrino molecules are evolved from 
the cathode and are found in the effluent electrolysis 
gas. 

A preferred method to identify the dihydrino mol- 
ecule is via cryofiltration followed by a search for mass 
spectroscopic anomalies. 

EXISTING EVIDENCE FOR HYDRINO ATOMS 
AND DIHYDRINO MOLECULES 

Hydrogen transitions to electronic energy levels be- 
low the n = 1 state have been found in the spectral lines 
of the extreme ultraviolet background of interstellar 
space. This assignment resolves the paradox of the iden- 
tity of dark matter. It also accounts for other celestial 
observations such as the facts that diffuse Ha emission 
is ubiquitous throughout the galaxy and widespread 
sources of flux shortward of 912 A are required to ac- 
count for this emission. 2 4 

The dihydrino molecule can be identified by mass 
spectroscopy. Miles and coworkers 5 * 8 and Chien et al. 9 
report 4 He production as identified by mass spectros- 
copy of the cryofiltered gases evolved from an electroly- 
sis cell comprising a palladium cathode and a LiOD/ 
D 2 0 electrolyte. According to Miles et al., 7 the intensity 
of the helium peak maintained an approximate cor- 
respondence to the amount of excess power or heat 
observed in electrochemical calorimetric cells. The sam- 
ples for helium analysis were analyzed "blindly" by 
mass spectroscopy. That is, the spectroscopist did not 
know whether a given sample produced excess heat or 
not. 10 According to Miles et al. t 7 "ignoring the helium/ 
heat relationship (Table I of Ref . 7), the simple yes/no 
detection of helium in 7/7 experiments producing ex- 
cess heat and the absence of helium in 6/6 experiments 
not producing excess heat (1 in D 2 0, 5 in H 2 6) implies 
a chance probability of ( j)' 3 = or 0.012%. " The 
fusion reaction proposed by the authors is as follows: 

D + D- 4 He + 7(23.8 MeV) . (14) 

Miles et al. 8 report the production of d Hc at a rate of 
-10 n 4 He/s. The associated gamma emission from 
this proposed fusion corresponds to a 10-Gi 23.8-MeV 
source. Secondary X rays must also be present as well 
as neutrons and charged particles in the correct ra- 
tios." No neutrons were observed, and no significant 
radiation above background was observed. 12 Numer- 
ous identical heat-producing experiments failed to pro- 
duce fusion products within 1 3 orders of magnitude of 
that necessary to account for the heat. 13 According to 
Rees, 13 "even if a new fusion process were occurring, 
there ought to be x-rays produced. It is hard to believe 
that you could lose over 20 MeV in a single event and 
see nothing at all coming out." 

We feel that the data are not consistent with a fu- 
sion reaction as the source of the excess heat or the mass 
4 peak. The mass 4 peak is incorrectly assigned as 4 He. 
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The correct assignment is DJ, the dideutrino molecule. 
These molecules form from deutrino atoms on the sur- 
face of the palladium cathode. The deutrino atoms 
form according to the exothermic reaction given by 
Eqs. (7), (8), and (9), which is the source of the ob- 
served excess heat. 

The dideutrino molecule is predicted to be spin 
paired, to be of comparable size to the helium atom, 
and to have a higher ionization energy and a lower liq- 
uefaction temperature than D 2 . Thus, cryofiltration of 
the gases of an electrolytic cell having an electrolyte of 
one or more electrocatalytic couples that induce tran- 
sitions of deuterium atoms to energy levels below the 
ground state to release excess heat energy followed by 
mass spectroscopic analysis would appear to be produc- 
ing 4 He. In fact, the mass spectroscopic separation of 
4 He and would be difficult. And, Miles et al. 10 used 
the higher ionization potential of the mass 4 peak as a 
criterion to make its assignment as 4 He rather than D 2 . 

The dideutrino molecule can also be identified by 
high-resolution quadrupole mass spectroscopy. Yama- 
guchi and Nishioka 14 reported high-resolution (0.001 
amu) quadrupole mass spectroscopic data of the gases 
released from deuterium- or hydrogen-loaded palladium 
sheets coated on one side with a hydrogen-impermeable 
gold layer and coated on the other surface with an ox- 
ide coat (MnO x , A10 x , or SiO x ). Heat was observed 
from light and heavy hydrogen only when the mixed 
oxide coat was present. The mass spectroscopic data 
of the gases released when a current was applied to a 
deuterium-loaded (99.9%), MnO r -coated palladium 
sheet indicate the presence of a large shoulder on the 
D 2 peak. 

Yamaguchi and Nishioka's 14 control D 2 peak is 
shown in Fig. 2. A shoulder on the D 2 peak is shown 
in Figs. 3 (Ref. 14) and 4 (Ref. 15). The anomalous 
peak of Fig. 3 was assigned to HT ('H- 3 H) by Yama- 
guchi and Nishioka. Tritium is produced by nuclear 
fusion, and this (HT) peak grows with time as heat 
evolves. However, no such peak is possible because no 
'H was present, as demonstrated in the control spec- 
trum, and the proposed HT peak was larger than the 
D 2 peak. The observed heat, including that observed 
from light hydrogen, is inexplicable from the proposed 
observed nuclear products. We assert that the data are 
not consistent with a fusion reaction or with the assign- 
ment of the anomalous mass 4 peak as HT. The cor- 
rect assignment is DJ, the dideutrino molecule. These 
molecules form from deutrino atoms on the surface of 
the palladium sheet, and the deutrino atoms form ac- 
cording to the exothermic reaction given by Eqs. (10), 
(11), and (12), which is the source of the observed ex- 
cess heat. 

After cryofiltration or combustion, the dihydrino 
molecule can be distinguished from normal molecular 
hydrogen by mass spectroscopy. The branching ratio 
to form m/e = 1 relative to m/e = 2 that is observed for 
the dihydrino molecule is different than the ratio that 
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Fig. 2. Yamaguchi and NishiokaV 4 control high-resolution 
mass spectrum of helium and hydrogen. 



is observed for normal molecular hydrogen. Mass spec- 
troscopy will further distinguish a sample containing 
dihydrino molecules from a sample containing H 2 by 
showing a different ion production efficiency as a func- 
tion of ionization potential and a different ion produc- 
tion efficiency at a given ionization potential for the 
two samples. 

LIGHT WATER CALORIMETRY EXPERIMENTS 

Methods 

A search for excess heat during the electrolysis of 
aqueous potassium carbonate (K + /K + electrocatalytic 
couple) was conducted by using single-cell, silver-coated , 
vacuum-jacketed dewars and noninsulated plastic ves- 
sels. To simplify the calibration of these cells, they were 
constructed to have primarily conductive heat losses. 
Thus, a linear calibration curve was obtained. Two 
methods of differential calorimetry were used to deter- 
mine the cell constant that was used to calculate.the ex- 
cess enthalpy- First, we calculated the cell constant 
during the experiment (on-the-fiy calibration) by turn- 
ing an internal resistance heater off and on and infer- 
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Fig. 3. Yamaguchi and NishiokaV 4 high-resolution mass 
spectroscopic data of the gases released when a cur- 
rent was applied to a deuterium-loaded (99.9%), 
MnO, -coated palladium sheet, indicating the pres- 
ence of a large shoulder on the D 2 peak that in- 
creases with time. 



ring the cell constant from the difference between the 
losses with and without the heater. Second, we deter- 
mined the cell constant with no electrolysis processes 
occurring by turning an internal resistance heater off 
and on for a well-stirred cell and inferring the cell con- 
stant from the difference between the losses with and 
without the heater. This method overestimates the cell 
constant because there is no gas flow (which adds to the 
heat losses). 

The general form of the energy balance equation 
for the cell in steady state is 

(15) 



0 = Pappl + Qhtr + Qxs ~ Pgas ~ Qtoss , 



where 



Pappi = electrolysis power 

Qhtr = power input to the heater 

Q a = excess heat power generated by the hydro- 
gen "shrinkage" process 
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Fig. 4. Yamaguchi and Nishioka's 15 high-resolution mass 
spectroscopic data of the gases released when a cur- 
rent was applied to a deuterium-loaded (99.9% ) t 
MnO A -coated palladium sheet, indicating the pres- 
ence of a large shoulder on the D 2 peak that in- 
creases with time. 



Pgas - power removed as a result of evolution of 
H 2 and 0 2 gases 

Qtoss - thermal power loss from the cell. 



When an aqueous solution is electrolyzed to liber- 
ate hydrogen and oxygen gases, the electrolysis power 
Pappt (= EappiD can be partitioned into two terms: 



Pappt — Eappll — Pcett + 



gas • 



(16) 



An expression for P gas (= E gas I) is readily obtained 
from the known enthalpy of formation of water from 
its elements: 



^gas 



_ —&Hf 0rm 
olF 



(17) 



(Fis Faraday's constant), which yields E gas = 1.48 V 
for the reaction 



H 2 0 - H 2 + \0 2 . 



(18) 



The net faradaic efficiency of gas evolution is assumed 
to be unity; thus, Eq. (16) becomes 



Pcett=(Ea P p,-l-4ZV)I 



(19) 



We calibrated the cell for heat losses by turning an 
internal resistance heater off and on while maintaining 
constant electrolysis and by inferring the cell conduc- 
tive constant from the difference between the losses 
with and without the heater where heat losses were pri- 
marily conductive losses through the top of the dewar 
or through the surfaces of the plastic vessel. When the 
heater was off, the losses were given by 

c(T c - T b ) = P appt + 0 + 0* " Pgas . (20) 

where 

c = conductive heat loss coefficient 

T b = ambient temperature 

T c = cell temperature. 

When a new steady state is established with the heater 
on, the losses change to 

c(r; - r b ) = P' appl + Q ht r + Qk-p 1 



( 



gas 



(21) 



where the primes indicate values that changed when the 
heater was on. When we assume 



e*5 = ok 



Pappl ~ Pappt * and Pgas ~~ Pgas 



(22) 



the cell constant or heating coefficient a, the recipro- 
cal of the conductive loss coefficient c, is given by the 
result 



a = 



T' — T 

' c 1 c 



(23) 



Ihtr 



In all heater power calculations, we used the following 
equation: 

Q htr =E htr I h[r . (24) 



108 



FUSION TECHNOLOGY VOL. 25 JAN. 1994 



Mills et al. DIHYDRINO MOLECULE 



In the case of intermittent square-wave electroly- 
sis with current only during the high-voltage interval 
of the cycle, the P oppl value of Eq. (16) is calculated as 
the product of the peak voltage, the peak current, and 
the duty cycle Dc, which is the pulse length divided by 
the period: 

(Eap P ff)E>c = (P ceil + P gas )Dc . (25) 

In the case of intermittent square-wave electrolysis with 
current only during the high-voltage interval of the cy- 
cle and where the net faradaic efficiency of gas evolu- 
tion is assumed to be unity, P cetl of Eq. (19) becomes 

[(E app/ -\ASV)I)Dc . (26) 

HPC Experiments 1, 2, and 3 

These experiments were carried out by observing 
and comparing the temperature differences, A7, = 
^electrolysis only) - 7(blank) and AT 2 = 7(resistor 
heating only) - T(blank) referred to unit input power, 
between two identical cells. Each cell consisted of a 
350-ml silver-coated, vacuum-jacketed dewar (Cole 
Palmer model 8600) with a 7-cm opening covered with 
a 0.75-in. -thick Styrofoam stopper lined with Parafilm. 
One calorimeter dewar of the same configuration, con- 
taining the same amount of electrolyte and the same 
electrodes (nickel cathode and platinum anode), resistor- 
heater, and thermistor, stirred at the same speed, was 
used as the blank! In this dewar, neither electrolysis nor 
heating by the resistor was carried out. Experiments 
were also carried out by using the blank dewar from a 
previous experiment as the working dewar and vice 
versa. This exchange was done to ensure that the effect 
is not due to any difference in the thermal properties 
of the two specific dewars used. The experimental ap- 
paratus for the differential calorimetry used for these 
studies is shown in Fig. 5. 

The heating coefficients were calculated from 

a = AT x /P cetl (27) 

and 

a = AT 2 /Q htr . (28) 

The outsides of the cells were maintained at ambi- 
ent air temperature, which was monitored. Ambient 
temperature fluctuations over 24 h were typically 
<0.5°C. 

The cathode was 24 m of 0.127-mm-diam nickel 
wire (99Vo Alfa 10249, cold drawn) that was coiled 
about the central platinum anode. We cleaned the cath- 
ode by placing it in a beaker of 0.57 M K 2 C0 3 /3% 
H 2 0 2 for 30 min and then rinsing it with distilled wa- 
ter. The leads were inserted into Teflon tubes to ensure 
that no recombination of the evolving gases occurred. 

The anode was a 10-cm x 1-mm-diam spiraled plat- 
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Acquisition 
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Fig. 5. Experimental calorimeter setup: (1) vacuum-jacketed 
dewar, (2) thermistor, (3) platinum anode, (4) nickel 
cathode, (5) magnetic stirring bar, (6) resistor-heater, 
(7) Styrofoam stopper lined with Parafilm, (8) Teflon 
tubing, (9) magnetic stirrer, and (10) aluminum 
cylinder. 



inum wire (Johnson-Matthey) with a 0. 127-mm plati- 
num lead wire. The leads were inserted into Teflon 
tubes to prevent recombination, if any, of the evolv- 
ing gases. The cathode-anode separation distance was 
1 cm. 

As usual in electrochemistry, measures were taken 
to avoid impurities in the system, especially organic 
substances. We note here the known problems with the 
reproducibility of the hydrogen overpotential that can 
be overcome only by ensuring the lowest possible level 
of impurities- The following procedures were applied 
in order to reproduce the excess heat effect. Before 
starting the experiment, the electrolysis dewar was 
cleaned with Alconox and 0. 1 M nitric acid and rinsed 
thoroughly with distilled water to remove all organic 
contaminants. The platinum anode was mechanically 
scoured with steel wool, soaked overnight in concen- 
trated HN0 3 , and rinsed with distilled water. The 
nickel cathode was removed from its container with 
rubber gloves, and cut and folded in such a way that 
no organic substances were transferred to the nickel sur- 
face. The nickel cathode was dipped into the working 



FUSION TECHNOLOGY VOL. 25 JAN. 1994 



109 



Mills et al. DIHYDRINO MOLECULE 



solution under electrolysis current and was never left 
in the working solution without electrolysis current. 

In experiments J and 2, the electrolyte solution was 
200 ml of 0.57 M aqueous K 2 C0 3 (Aldrich K 2 C0 3 * 
^H 2 0 99+%); in experiment 3, the electrolyte solution 
was 200 ml of 0.57 M aqueous Na 2 C0 3 (Aldrich 
Na 2 C0 3 ACS primary standard 99.95+%). 

The resistance heater used during calibration and 
operation was a 10-ft, 1 % precision metal oxide resistor 
in a 2-mm-o.d. Teflon tube. The heater was powered by 
a variable direct current voltage power source (±0.5%). 
The heating power was calculated by Eq. (24). 

The electrolyte solution was stirred with a 7-mm x 
2-cm prolate spheroid magnetic stirring bar that was 
spun by a 6-cm-Iong open magnet mounted on an open 
shaft revolving at 750 rpm under the dewar. The shaft 
was that of an open mixing motor (Fisher Flexa-Mix 
model 76). 

Erroneous attribution of the effect to temperature 
gradients was prevented by testing for minute spatial 
variations of the temperature over time. Three therm- 
istors were positioned -2.5 cm apart from each other 
at the bottom, middle, and upper parts of the electro- 
lyte. No difference was observed (within the limit of de- 
tection, ±0.01 °C). 

Voltage (±0.5%), current (± 1 %), and temperature 
(±0. J °C) data were acquired by a data acquisition sys- 
tem consisting of an Apple Mac II SI 5/80 with an NU 
bus adapter and the following GW Instruments hard- 
ware: GWI-625 data acquisition board, GWI-J2E mul- 
tiplexer, GW1-ABO analog breakout system, and 
GWI-4W ribbon cable. The value of P app( was given by 
Eq. (16) as the product of the voltage and the constant 
current, and P ce// was given by Eq. (19). 

The current voltage parameters for experiment 2 
were a periodic square wave having an offset voltage 
of 1.60 V, a peak voltage of 1.90 V, a peak constant 
current of 47.3 mA, a 36.0% duty cycle, and a fre- 
quency of 600 Hz. Peak voltage measurements were 
made with an oscilloscope (BK model 2120), and the 
time-average current was determined from a multimeter 
voltage measurement (±0.5%) across a calibrated re- 
sistor (1 0) in series with the lead to the cathode. The 
waveform of the pulsed cell was a square wave. Since 
there was current only during the peak voltage inter- 
val of the cycle, P appl was given by Eq. (25), and P ceii 
was given by Eq. (26). 

The faradaic efficiency of gas production by a po- 
tassium cell was studied. Comparing this result with the 
sodium system allows the accuracy of the analysis to 
be seen. A closed cell was fashioned from a 150-ml 
round-bottom flask, a 2-cm x 2-mm prolate spheroid 
stir bar, a glass "Y" adapter, glass tubing bent into the 
shape of one cycle of a square wave, a 150-ml beaker, 
and a 0.01-ml graduated buret. The cell was set up to 
mimic the calorimetry tests as closely as possible. A 
constant current (±0. 1 %) supply was used to supply the 
power for the electrolysis. Current measurement was 



done with a Heathly multimeter (±0. 1 %). Gas was col- 
lected and measured in the buret. Several experiments 
were run to ensure that the cell was sealed tightly. 

Thermacore Experiment 4 

The cell was a 10-gal (33- x 15-in.) Nalgene tank 
(model 54100-0010). Two 4-in.-long x j-in.-diam ter- 
minal bolts were secured in the lid, and a cord for a cal- 
ibration heater was inserted through the lid. 

The cathode was a 5-gal polyethylene bucket with 
j-in. holes drilled over all surfaces at J-in. spacings of 
the hole centers, which served as a perforated (mesh) 
support structure, and 5000 m of 0.5-mm-diam clean, 
cold-drawn nickel wire (NI 200, 0.0197-in., HTN36- 
NOAG1, Al Wire Tech). The wire was wound uni- 
formly around the outside of the mesh support as 150 
sections of 33-m length. The ends of each of the 150 
sections were spun to form three cables of 50 sections 
per cable. The cables were pressed in a terminal con- 
nector that was bolted to the cathode terminal post. The 
connection was covered with epoxy to prevent corro- 
sion. A central cathode was made from 5000 m of the 
0.5-mm-diam nickel wire. The wire was wound in a to- 
roidal shape with three cables, each pressed into a ter- 
minal connector that was bolted to the cathode terminal 
post and coated with epoxy. The central cathode was 
inserted into an cylindrical perforated polyethylene con- 
tainer that was placed inside the outer cathode with the 
anode array between the central and outer cathodes. 

The anode was an array of 15 platinized titanium 
anodes (ten of Engelhard platinum-titanium mesh, 
1.6 x 8 in., with a |- x 7-in. stem attached to the 
1.6-in. side plated with 100 U series 3000; and five of 
Engelhard l-in.-diam x 8-in.-long titanium tubes with 
a l~ x 7-in. stem affixed to the interior of one end and 
plated with 100 U platinum series 3000). A |-in.-wide 
tab was made at the end of the stem of each anode by 
bending it at a right angle to the anode. A |-in. hole 
was drilled in the center of each tab. The tabs were 
bolted to a 12.25-in.-diam polyethylene disk (Rubber- 
maid JN2-2669) equidistantly around the circumfer- 
ence. Thus, an array was fabricated that had 15 anodes 
suspended from the disk. The anodes were bolted with 
|-in. polyethylene bolts. Sandwiched between each an- 
ode tab and the disk was a flattened nickel cylinder also 
bolted to the tab and the disk. The cylinder was made 
from a 7.5- x 9-cm-long x 0.125-mm-thick nickel foil. 
The cylinder traversed the disk, and the other end of 
each was pressed about a 10 AWG/600 V copper wire. 
The connection was sealed with shrink tubing and ep- 
oxy. The wires were pressed into two terminal connec- 
tors and bolted to the anode terminal. The connection 
was covered with epoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 
M HC1 for 5 min and rinsed with distilled water. The 
cathode was placed in a tank of 0.57 Af K 2 C0 3 /3% 
H 2 0 2 for 6 h and then rinsed with distilled water. The 
anode was placed in the support between the central 
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and outer cathodes, and the ^ode assembly was 
placed in the tank containing 28 f of 0.57 M K&h 
(Alfa K 2 C0 3 99%). The power supply was connected 
to the terminals with battery cables. 

The cell assembly is shown 'J^ 6 ; , 800 - 
The heater was a 57.6-ft, 1000- w lnc °'»y 
jacketed Nichrome heater that was suspended from he 
polyethylene disk of the anode array It was powerea 
ly I constant power (±0. 1 *) supply «"™™^J* C 
36-18). The voltage (±0.1*) and current (±0J* were 
recorded with a digital multimeter (Fluke 8600A). The 
SST(3.5*) was read from an Ohio Sem.tromcs 
CTriOl current transducer. The heating power was 
calculated by using Eq. (24). 

Electrolysis was performed at 50-A constant cur- 
rent S a constant current (±0.02*) power supp£ 
(Kepco model ATE6-100M). The value of ^>p< w £ 
givTn by Eq. (16) as the product of the voltage and the 
constant current, and P cell was given by Eq. (19). 

The temperature (±0.1»C) was recorded wt a 
microprocessor thermometer (Omega HH21) _ using a 
Type K thermocouple that was inserted through a J-.n. 



hole in the tank lid and anode array disk. To eliminate 
the possibility of temperature gradients the tempera- 
ture was measured throughout the tank. No position 
variation was found to within the detection of the ther- 
mocouple (±0.1 °C). ,.. T -~ . 

The temperature rise above ambient [AT= T(elec- 
trolysis only) - Hblank)] and electrolysis power were 
recorded daily. The heating coefficient was determined 
on the fly by the addition of 20 W of heater power to 
°he electrolytic cell every 72 h; 24 h was allowed for 
steady state to be achieved. The temperature rise above 
ambient [AT 2 = TXelectrolysis + heater) - Hblank)] 
recorded as were the electrolysis power and heater 

^In all temperature measurements, the blank con- 
sisted of 28 £ of water in a 10-gal (33- x 15-.n.) Nalgene 
ank with lid (model 54100-0010). The ^stirrer was a 
1-cm-diam x 43-cm-long glass rod to which an 0 8- X 
2 5-cm Teflon half-moon paddle was fastened at one 
endThe other end was connected to a variable- peed 
stirring motor (Talboys Instrument model 1075C). The 
stirring rod was rotated at 250 rpm. 




Fig. 6. Cell assembly of experiments 4 through 14. 
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The blank (nonelectrolysis cell) was stirred to sim- 
ulate stirring in the electrolytic cell by gas sparging. The 
1 W of heat from stirring resulted in the blank cell op- 
erating at 0.2°C above ambient. 

The temperature (±0.1 °C) of the blank was re- 
corded with a microprocessor thermometer (Omega 
HH21) that was inserted through a J -in. hole in the 
tank lid. 

Thermacore Experiments 5 Through 13 

The. electrolytic cell was the same as in experiment 
4. Intermittent square-wave electrolysis was performed 
at 2 Hz at the duty cycles listed in Table I. A constant 
current supply (Kepco ATE-100M) was programmed at 
10I-A peak current (±0.05%) and driven by a function 
generator (BK Precision Dynascan model 301 1). Duty 
cycle measurements were made with an oscilloscope 
(BK model 2120), and the peak current was determined 
from the voltage measurement (±0.1%) across an Ohio 
Semitronics CTA 101 current transducer. The wave- 
form of the pulsed cell current was a square wave. Since 
there was current only during the peak voltage inter- 
val of the cycle, P appl was given by Eq. (25), and P ceU 
was given by Eq. (26). 

The peak voltage (±0.1%) was recorded with a 
digital multimeter (Fluke 8600A). The temperature 
(±0.1 °C) was recorded with a microprocessor ther- 
mometer (Omega HH21) that was inserted through a 
\ -in. hole in the tank lid and anode array disk. To 
eliminate the possibility of temperature gradients, the 
temperature was measured throughout the tank. No po- 
sition variation was found to within the detection limit 
of the thermocouple (±0.1 °C). 

The temperature rise above ambient [AT= T(elec- 
trolysis only) - 7Xblank)] and electrolysis power were 
recorded at least every 24 h. In all temperature measure- 
ments, the blank was the same as for experiment 4. 

The electrolytic cell was calibrated by applying elec- 
trical power to the 1000-W heater with electrolysis 



TABLE 1 



Duty Cycles for Experiments 5 Through 13 





Duty Cycle 


Experiment 


(%) 


5 


3 


6 


4 


7 


5 


8 


6 


9 


7 


10 


10 


11 


15 


12 


20 


13 


25 



power set to near zero. The cell temperature rise above 
ambient [A 7= T(heater only) - T(blank)] and heater 
power were recorded daily. The heating coefficient was 
determined on the fly by the addition of 40 W of heater 
power every 72 h; at least 24 h was allowed for steady 
state to be achieved. The heating power was calculated 
by Eq. (24). 

Thermacore Experiment 14 

The electrolytic cell was the same as in experiments 
5 through 13. Intermittent square-wave electrolysis was 
performed at I Hz, 20% duty cycle, by programming 
a constant current supply (Kepco ATE-50M) at 10-A 
peak (±0.5%) driven by a function generator (BK Pre- 
cision Dynascan model 301 1). Data were recorded by 
the apparatus described for experiments 5 through 13. 
Since there was current only during the peak voltage in- 
terval of the cycle, P oppt was given by Eq. (25), and 
P ce ii was given by Eq. (26). 

LIGHT WATER CAL0RIMETRY RESULTS 

Mills's theory 2 predicts that the exothermic cata- 
lytic reaction whereby the electrons of hydrogen atoms 
are each stimulated to relax to a lower energy level cor- 
responding to a fractional quantum state by providing 
an energy hole resonant with this transition will occur 
during the electrolysis of K 2 C0 3 /light water solutions 
but will not occur during the electrolysis of Na 2 C0 3 / 
light water solutions. The results of the electrolysis with 
a nickel wire cathode at 83-mA constant current and 
heater run of K 2 C0 3 appear in Fig. 7 and Table II. The 
heating coefficient of the heater run (calibration) was 
41°C/W, whereas the heating coefficient of the elec- 
trolysis run was 87°C/W. The production of excess en- 
thalpy is observed. The higher the heating coefficient 
is, the more heat is released in the process. 

The results of the electrolysis of a K 2 C0 3 electro- 
lyte with a nickel cathode and a periodic square-wave 
having an offset voltage of 1.60 V, a peak voltage of 
1.90 V, a peak constant current of 47.3 mA, a 36.0% 
duty cycle, and a frequency of 600 Hz appear in Fig. 8 
and Table II. The output power was 16 times the ohmic 
input power. 

The results of the electrolysis at 81-mA constant 
current and heater run of Na 2 C0 3 appear in Fig. 9 and 
Table II. The heating coefficient of the electrolysis run 
was 47°C/W, whereas the heating coefficient of the 
heater run (calibration) was 46°C/W. The production 
of excess heat is not observed. 

The data of the faradaic efficiency of the produc- 
tion of gas by a potassium cell and a control sodium 
cell appear in Table III. 

Almost all electrolysis experiments will be similar 
to the case of Na 2 C0 3 . Only a few combinations of 
electrolytes and electrodes, such as the K 2 C0 3 case, 
will yield excess heat. 
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Fig. 7. Experiment 2: plot of the heating coefficients over lime: (I) electrolysis with a nickel wire cathode at 0.083 A in 
K 2 COj and (2) resistor working in K 2 C0 3 . 



TABLE II 



Power Input and Output Parameters of Experiments I Through 14 







Duty 




VI 


(V - 1.48)/ 


Output 


Excess 


Output 


Experiment 


V 


Cycle 


/ 


Power 


Input Power 


Power 


Power 


Input 


Number 


(V) 




(A) 


(W) 


(W) 


(W) 


(W) 




I 


3.05 


100 


0.083 


0.253 


0.130 


0.275 


0.145 


212 


2 a 


1.90 


36 


0.0473 


0.032 


0.007 


0.114 


0.107 


1630 


3 


3.51 


100 


0.081 


0.284 


0.164 


0.167 


0.003 


102 


4 


3.25 


100 


49.9 


162 


88.3 


137 


48.2 


155 


5 a 


4.13 


3 


101 


12.5 


8.03 


31.0 


21.5 


386 


6 a 


4.04 


4 


101 


16.3 


10.3 


43.5 


33.2 


422 


7 d 


4.00 


5 


102 


20.4 


12.9 


54.7 


41.8 


424 


8 a 


3.95 


6 


102 


24.2 


15.1 


63.2 


48.1 


419 




3.89 


7 


101 


27.5 


17.0 


70.0 


53.0 


412 


ic a 


3.88 


10 


102 


39.6 


24.5 


58.3 


60.8 


348 


ll a 


3.88 


15 


101 


58.8 


36.4 


105.5 


69.1 


290 


12 J 


3.85 


20 


101 


77.8 


47.9 


118.1 


70.2 


247 


\y 


3.83 


25 


101 


96.7 


59.3 


135 


75.7 


228 


I4 a 


2.37 


20 


10.5 


4.98 


1.87 


41.0 


39.1 


2193 



a Outpui is greater than VI. 



TABLE III 



Faradaic Efficiency of Gas Production by a K 2 CO, Cell and a Na 2 COj Control Cell 



Electrolyte 


Faraday's 
Gas 
(mmol) 


Calculated 
Volume 
(ml) 


Measured 
Volume 
(mi) 


Efficiency 
W 


0.57 M K,CO, 
0.57 M Na 2 C0 3 


1.961 
1.955 


49.91 
49.69 


51.30 
49.86 


102.8 
100.3 
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800 




Time After Equilibrium (h) 

Fig. 8. Experiment 2: plot of the heating coefficients over time: (1) electrolysis with a nickel cathode and a periodic square 
wave having an offset voltage of 1 .60 V, a peak voltage of 1.90 V, a peak constant current of 47.3 mA, a 36.0% 
duty cycle, and a frequency of 600 Hz in K 2 C0 3 and (2) resistor working in K 2 C0 3 . 




10 



20 30 40 

Time After Equilibrium (h) 



50 



Fig. 9. Experiment 3: plot of the heating coefficients over time: (1) electrolysis at 0.081 A in Na 2 C0 3 and (2) resistor work- 
ing in Na 2 C0 3 . 



Data from experiment 4 were recorded over a 
29-day period. The voltage remained relatively constant 
at 2.35 V, and the electrolyte temperature was -23°C 
above the temperature of the blank. The parameters at 
day 27 are given in Table II. The on-the-fly calibration 
curve of experiment 4 as well as the integral calibration 
curve for the matched blank cell are shown in Fig. 10. 

The on-the-fly heating coefficient of the electrolytic 
cell was (0.17 ± 0.01 °C/W). The intercept at zero in- 

114 



put power for the integrally calibrated electrolytic cell 
was 8.2°C t which indicates 48.2 W of excess heat. 

It was observed that gas sparging in the electrolytic 
cell provides sufficient mixing in the absence of stirring 
so that temperature gradients were not observed to 
within their detection limit (±0.1 °C). The calibration 
(nonelectrolysis cell) was stirred at 250 rpm to compen- 
sate for the lack of stirring by gas sparging. It was de- 
termined that the stirring power increased the blank 
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Power (W) 

Fig. 10. A graphical determination of the excess power of 
experiment 4. 



temperature 0.20°C above the ambient temperature, 
and this power was not subtracted from the blank tem- 
perature in the temperature measurements. Account- 
ing for this temperature rise would increase the 
experimentally determined electrolytic cell excess energy 
by -1.2 W. 

From the condensed evolving water vapor, the 
evaporative losses from experiment 4 were measured to 
be 6.5 ml per 24 h, and 402 ml of water was added to 
the cell per 24 h to maintain a constant fill level. The 
volume consumed by Faraday losses is calculated to be 
403 ml. Thus, the evaporative and Faraday losses 
equaled the maintenance water volume to within 1%. 

Elemental analysis and scanning electron micros- 
copy of metallurgical samples of the nickel cathode 
taken before operation and at day 56 of continuous 
operation were identical, indicating that the nickel cath- 
ode had not changed chemically or physically. Ele- 
mental analysis data of a sample of the nickel cathode 
taken at day 56 of continuous operation are shown in 
Table IV. Photomicrographs of a sample of the nickel 
cathode taken at day 56 of continuous operation are 
shown in Fig. I I . 

The cell was disassembled and inspected after 23 

TABLE IV 

Chemical Analysis of the Nickel Wire of Experiment 4 
After 56 Days of Operation 

Mainly nickel 

Trace (0.1 to 1.0%) copper 
Slight trace (100 to 1000 ppm) magnesium 
Very slight trace (10 to 100 ppm) aluminum and 
manganese 

Very, very slight trace (< 10 ppm) chromium, titanium, 
silver, tin, iron, silicon, boron, and phosphorus 



TABLE V 

Chemical Analysis of the Potassium Carbonate 
Electrolytic Solution of Experiment 4 
After 42 Days of Operation 



Flame emission spectrographs analysis 
Mainly potassium 

Slight trace (100 to 1000 ppm) sodium 
Very slight trace (<10 ppm) magnesium 
Specific gravity = 1.072 
Concentration = 0.63 M K 2 C0 3 
Solution pH = 11.5 



days of continuous operation. This inspection showed 
no visible signs of a reaction between the electrodes and 
the electrolyte. The cell was reassembled, and it con- 
tinued to operate with an excess power production of 
-50 W for an additional 19 days, after which time the 
voltage and current parameters of experiment 5 were 
initiated. 

The pH, specific gravity, concentration of K 2 C0 3l 
and elemental analysis of the electrolyte sample taken 
after 42 days of continuous operation were unchanged 
from the values obtained for the electrolyte sample be- 
fore operation. These data are shown in Table V. 

The results of the gas chromatographic analysis of 
the evolving electrolytic gases showed two-thirds hydro- 
gen, one-third oxygen, and trace amounts of nitrogen. 
No significant quantities of CO or C0 2 were found, 
confirming that the K 2 C0 3 electrolyte was not de- 
graded during operation. 

Measurements of neutrons were considered unnec- 
essary since light water was used rather than deuterium 
oxide. Scintillation counter and photographic film mea- 
surements show no radiation above background was 
detected, indicating that nuclear reactions did not 
occur. 

Data from experiments 5 through 13 were recorded 
over a 1 35-day period as the duty cycle was increased 
from 3 to 25%. The input and output powers are listed 
in Table 1 1 as a function of duty cycle. A comparison 
of cell temperature rise above ambient and power with 
the calibration curve is shown in Fig. 12. The compar- 
ison for experiment 9 shows -53 W of excess energy 
at a 7% duty cycle. This corresponds to an output over 
input power ratio of -4.12:1. 

Data from experiment 14 were recordectover a 240- 
day period at an operating condition of 1 Hz, 10 A, and 
20% duty cycle. Data for day 120 are recorded in Ta- 
ble II and show 41 W,of output with an output-to-input 
ratio of -22 assuming 100% Faraday efficiency. Ac- 
tual Faraday efficiency at these low-current levels (2 A 
on average) has not been established. If the Faraday 
efficiency were zero (100% recombination), then the 
output-to-input ratio would be 8.2:1. 



FUSION TECHNOLOGY VOL. 25 JAN. 1994 



115 



Mills et al. 



DIHYDRINO MOLECULE 




Radial: 190x Axial: 95 x 

Fig. 11. Photomicrographs of metallurgical samples of the nickel cathode taken at day 56 of continuous operation. 



* o Electrolysis Power Given by Eq. (25) 




Power (W) 

Fig. 12. Comparison between cell temperature rise above ambient for electrolysis power and for heater power for experi- 
ments 5 through 13. 
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EXPERIMENTAL IDENTIFICATION OF THE 
DIHYDRINO MOLECULE 

The dihydrino molecules would be stable to com- 
bustion relative to molecular hydrogen, and the dihy- 
drino molecule could be detected by mass spectroscopy 
with the presence of a m/e = 2 peak with a different 
branching ratio to form m/e = 1 relative to m/e = 2. 
To test this premise, we collected in an elastomer blad- 
der 1650 ml of the electrolysis gases from experiment 
14, which produced 39. 1 W of excess power according 
to the exothermic reaction given by Eqs. (4), (5), and 
(6). The bladder contained a spark plug that was acti- 
vated, causing an explosion of the gas contents. The 
volume of the bladder following combustion was 70 ml. 
Samples of the pre- and postcombustion electrolysis 
gases as well as hydrogen and water-saturated air were 
analyzed by mass spectroscopy. 

The dihydrino molecule, HJ, has a higher ioniza- 
tion energy than H 2 . Mass spectroscopy of the post- 
combustion electrolysis gas sample was performed 
whereby the intensity of the m/e = 1 and m/e = 2 peaks 
was recorded while the ionization potential of the mass 
spectrometer was varied. 

The results of the mass spectroscopic analysis of 
gases evolved from experiment 14 before and after 
combustion are given in Table VI; of room air saturated 
with water, in Table VII; of the standard hydrogen 
sample, in Table VIII; and of the postcombustion elec- 
trolysis gas sample whereby the intensity of the m/e = I 
and m/e = 2 peaks was recorded while the ionization 
potential of the mass spectrometer was varied, in Ta- 
ble IX. 

DISCUSSION 

From Table VI, the m/e = 18 and m/e = 32 peak 
intensities, respectively, demonstrate that both the pre- 



TABLE VI 



Mass Spectroscopic Analysis of Gases Evolved from the 
Cell of Experiment 14 Before and After Combustion 
(IP = 70 cV) 



Mass/Charge 
(m/e) 


Intensity of 
Precombusiion 
Electrolysis Gases 


Intensity of 
Postcombustion 
Electrolysis Gases 


1 


1.2 x lO" 7 


0.40 x I0" 7 


2 


1.55 x I0~ 5 


0.55 x 10~ 7 


3 


0.30 x I0" 7 




18 


0.57 x I0" 5 


0.55 x I0" $ 


28 


0.37 x lO" 4 


0.90 x 10~ 4 


32 


0.69 x I0~ 4 


0.65 x lO" 4 


40 


0.90 x 10 " 6 


0.40 x I0" 5 


44 


0.70 x I0~ 6 


0.12 x 10~ 5 



and postcombustion electrolysis gas samples contained 
the same percentage of water vapor and of 0 2 . The 
predicted percentage for the precombustion electroly- 
sis gas sample is one-third, as given by Faraday's law 
for the electrolysis of water. The oxygen signal for the 
postcombustion electrolysis gases is higher than can be 
due to atmospheric contamination. 

From Table VI, the m/e = 28 peak intensity dem- 
onstrates that the pre- and postcombustion electroly- 
sis gas samples contained the same percentage of 
nitrogen. The nitrogen was present in trace amounts in 
both gas samples as demonstrated by the m/e = 28 peak 
intensities from Table VI and the volume change with 
combustion. From the volume change, nitrogen repre- 
sented <4% of the precombustion gas sample, and the 
m/e = 28 peak intensity of the postcombustion gas 



TABLE VII 



Mass Spectroscopic Analysis of Room Air 
Saturated with Water 
(fP = 10 eV) 



Mass/Charge 


Intensity 




(m/e) 


(x I0" 7 ) 




I 


0.24 




2 


0.040 




18 


43.0 





TABLE VIII 

Mass Spectroscopic Analysis of Hydrogen 
(IP = 70 eV) 



Mass/Charge 


Intensity 


(m/e) 


(x 10~ 7 ) 


I 


2.0 


2 


300.0 


3 HD 


0.12 


3 H 3 


2.0 



TABLE IX 

Mass Spectroscopic Analysis with Varying Ionization 
Potential of Gases Evolved from the Celt of 
Experiment 14 Following Combustion 

Ionization Intensity of Signal Mass-to-Charge Ratio 

Potential , : 

(eV) (m/e=\) (m/e = 2) 



20 0.007 x I0~ 8 0.03 X I0~ 8 

70 1.8 x 10" 8 1.8 x 10~ 8 
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sample was only a factor of 2.4 of that of the precbm- 
bustion electrolysis gas sample. No hydrogen is antic- 
ipated following combustion. 

The data are consistent with the remaining two-thirds 
of the postcombustion electrolysis gases comprising 
the dihydrino molecule, HJ, which does not undergo 
combustion with oxygen. The stoichiometric ratio of 
two-thirds HJ to one-third 0 2 gives the correct mass 
balance. The m/e = 2 peak for the postcombustion elec- 
trolysis gases is ten times the intensity of the peak from 
water (given by the product of the ratio of m/e = 2 to 
m/e = 18 of the water-saturated air mass spectrum 
times the intensity of the m/e = 18 peak (H 2 0) of the 
postcombustion electrolysis gas sample]. Thus, the 
m/e - 2 peak is assignable to H 2 or to H*. 

The assignment to H 2 is made as follows. The 
m/e = 1 peak of the postcombustion electrolysis gas 
sample is significantly more intense than that predicted 
by production from water [given by the product of the 
ratio of m/e = 1 to m/e = 18 of the water-saturated air 
mass spectrum times the intensity of the m/e = 18 peak 
(H 2 0) of the postcombustion gas sample]. The addi- 
tional contribution to the m/e — 1 peak predicted with 
the assignment of the m/e = 2 peak to hydrogen (given 
by the product of the ratio of m/e = 1 to m/e = 2 of 
the hydrogen mass spectrum times the intensity of the 
m/e = 2 peak of the postcombustion electrolysis gas 
sample) is insufficient to explain the intensity of the 
m/e — 1 peak. Thus, the species giving rise to the 
m/e — 2 peak must have a different m/e — 1 to m/e - 2 
production efficiency than H 2 . Therefore, the m/e = 2 
peak is assigned to H£. 

The dihydrino molecule, HJ, has a higher ioniza- 
tion energy than H 2 . This was observed by measuring 
the intensity of the m/e = 1 and m/e = 2 peaks while 
the ionization potential of the mass spectrometer was 
varied. The ionization reaction of H 2 is 

H 2 (£) - H 2 (g) + + e~lE = 15.46 eV . (29) 

The ionization energies of water are 12.61, 14.8, 18.8, 
and 32 eV. The data of Table IX demonstrate that no 
m/e = 2 peak is present at an ionization potential above 
the threshold for the ionization of molecular hydrogen, 
but a m/e = 2 peak that is too intense to be attributed 
to water ionization is present at a significantly higher 
ionization potential. The data are consistent with the 
assignment of m/e = 2 to HJ, the dihydrino molecule. 

CONCLUSION 

We review and present three sets of heat production 
and product identification data including the work of 
HydroCatalysis Power Corporation (experiments 1, 2, 
and 3) and Thermacore, Inc. (experiments 4 through 
14). We report here experimental evidence supporting 
the HPC theory that an exothermic reaction occurs 
wherein the electrons of hydrogen and deuterium atoms 



are each stimulated to relax to a quantized potential en- 
ergy level below that of the ground state via electro- 
chemical reactants K + and K + ; Pd 2+ and Li + ; or Pd 
and 0 2 of redox energy resonant with the energy hole 
that stimulates this transition. Calorimetry of pulsed 
current and continuous electrolysis of aqueous potas- 
sium carbonate (K + /K + electrocatalytic couple) at a 
nickel cathode was performed. The excess output power 
of 41 W exceeded the total input power given by the 
product of the electrolysis voltage and current by a fac- 
tor of >8. The product of the exothermic reaction is 
atoms having electrons each of energy below the ground 
state, and they are predicted to form molecules. The 
predicted molecules were identified by their lack of re- 
activity with oxygen, by separation from molecular 
deuterium by cryofiltration, and by mass spectroscopic 
analysis. 

The combustion of the gases evolved during the 
electrolysis of a K 2 C0 3 /light water electrolyte (K + /K + 
electrocatalytic couple) with a nickel cathode was 
incomplete. The mass spectroscopic analysis of uncom- 
busted gases demonstrated that the species predomi- 
nantly giving rise to the m/e — 2 peak must have a 
different m/e = 1 to m/e = 2 production efficiency than 
hydrogen. The further mass spectroscopic analysis of 
the m/e = 2 peak of the uncombusted gas demonstrated 
that the dihydrino molecule, H£, has a higher ioniza- 
tion energy than H 2 . 

The mass spectroscopic analysis of the cryofiltered 
gases evolved during the electrolysis of a heavy water 
LiOD electrolyte (Pd 2+ /Li + electrocatalytic couple) with 
a palladium cathode demonstrated that the dideutrino 
molecule, DJ, has a higher ionization energy than D 2 . 

Palladium sheets coated on one side with a hydrogen- 
impermeable gold layer and on the other surface with 
an oxide coat (MnO x , AlO xt or SiO*) were loaded 
with deuterium or hydrogen. Heat was observed from 
light and heavy hydrogen only when the mixed oxide 
coat was present (Pd/0 2 electrocatalytic couple). The 
high-resolution (0.001 amu) quadrupole mass spectro- 
scopic analysis of the gases released when a current was 
applied to a deuterium-loaded (99.9Vo), MnO x -coated 
palladium sheet indicate the presence of a large shoul- 
der on the D 2 peak that is due to the dideutrino mole- 
cule, DJ. 

Further experiments are planned to demonstrate 
that this lower energy form of hydrogen is the product 
of heat-producing cells. Following cryofiltration of the 
electrolysis gases, the dihydrino molecule is distin- 
guished from normal molecular hydrogen by mass spec- 
troscopy. The branching ratio to form m/e = 1 relative 
to m/e = 2 that is observed for the dihydrino molecule 
is different from the ratio that is observed for normal 
molecular hydrogen. Mass spectroscopy further distin- 
guishes a sample containing dihydrino molecules from 
a sample containing H 2 by showing a different ion 
production efficiency as a function of ionization po- 
tential and a different ion production efficiency at a 
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given ionization potential for the two samples. High- 
resolution mass spectroscopy shows two peaks for a 
mixture of H 2 and H£ - 
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Several examples of different energy holes effecting shrinkage and the 
corresponding effective nuclear charges, total energy released, and final 
radii of the orbitspheres going from infinity to the final radius, ao/(m * i) 
are given in Table 20.1. 

Table 20.1. Radii, energies, energy holes, and energy released for 
several states of hydrogen or deuterium. 



R V(eV) T(eV) Zeff energy total energy 

hole released (eV) 
(eV) r = «tor = R' 





a 0 


-27.2 


13.6 


1 




13.6 


1 


a 0 /2 


-108.8 


54.4 


2 


27.2 


54.4 


2 


a 0 /3 


-244.9 


122.4 


3 


54.4 


I 22. 4 


3 


a 0 /4 


-435.4 


217.7 


4 


81.6 


217.7 


4 


a 0 /5 


-680.2 


340.1 


5 


108.8 


340. 1 


5 


a 0 /6 


-979.6 


489.6 


6 


136.1 


489.6 


6 


a 0 /7 


-1333.3 


666.4 


7 


163.3 


666.4 


7 


a 0 /8 


-1741.4 


870.4 


8 


190.5 


870.4 


8 


a 0 /9 


-2204.0 


1 101.6 


9 


217.7 


1 101.6 


9 


a 0 / 10 


-2721.0 


1360.5 


10 


244.9 


1360.5 



Energy released for any transition is given by AEfinal (°° t0 R) " AEjnitial 
(oo to R) 

The size of the electron orbitsphere as a function of potential energy is 
given in Figure 20 2. 



163 



> 

t-l 

Si 

x 



Figure 20.2. Quantized sizes and energies of hydrogen d. deuterium 

atoms. — Effective 

Nuclear 
Charge 



+1/3 



cm 

01 



cm 

"3 
w 



CM 

N 
I 



o 

o 
w 



n 



> 

00 

IN 



CM 

N 



cm 

c: 
i 



CM 
CM 

N 
c 

I 



CM 

N 
I 



o 

ni 
o 



Absorption 
of 
Photon 




Normal 
Ground 
State 




Absorption 
of 

Energy Hole 



o 

us 



o 

o 

o 

o 

o 



+1/2 



+l/n 



+1 

+2 
+3 
+4 
+5 
+6 



+ n 



CAF 

The electri 
r n , where r 
1.6). Thus 
smaller ek 
deuterium ; 
separation 
for exampl< 
muon to el< 
orders of n 
27.21 eV, c 
separation 
internuclea 
process is 

It is 
protons, 'F 
about 50% 
the nuclei 
Coulombic 
possible. "= 

Hydrc 
ground sta 
proton. In 
photons. 



I 64 




§ 



5.0kV 
Ni wire 



— I 

1.5kX 10. ©Mm 



N(E)*E,diffll,snoll 




30-Nov-1993 09:39:41 



Ni-fiR-1 



a 



Accel era t ing voltage 
Beam - sample incidence 
Xray emergence angle 
Xray — window incidence 



£0.0 KeV 
angle 30. 0 degrees 
35.0 degrees 
angle 0.0 degrees 



STANDARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT 


WEIGHT 


ATOMIC 


PRECISION 




& LINE 


PERCENT 


PERCENT* 


£ SIGMA 


K-RATIO** 


Al KA 


1.89 


4.00 


0. 03 


0.0059 


Si KA 


0. 69 


1.41 


0. 07 


0.' 0029 


Mr. KA 


0.08 


0.08 


0. 02 


0. 0009 


Fe KA 


0. 10 


0. 10 


0- 0£ 


0. 0013 


Ni KA 


97. £4 


94- 41 


0. 42 


0. 9699 


TOTAL 


100. 00 









ITERATIONS 6 

*NOTE : ATOMIC PERCENT is normalised to 100 

**NQTE: K-RATIO = K-RATIO x R 

where R = reference (standard ) /reference (sample 

NORMAL I Z AT ION FACTOR : 1 - 0*»0 
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Ni-AR-2 



Accelerat ing voltage 

Beam - sample incidence angle 

Xray emergence angle 

Xray - window incidence angle 



20.0 KeV 
90- 0 degrees 
35.0 degrees 

0. 0 degrees 



STANDARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT WEIGHT 
& LINE PERCENT 



Al KA 

Si KA 
Mn KA 
Fe KA 
Ni KA 

TOTAL 

ITERATIONS 



2.22 
0. 80 
0.05 

0. 05 
96. 88 

100. 00 

6 



ATOMIC PRECISION 
PERCENT* 2 SIGMA K-RATIO** 



4. 66 
1. 62 

0. 05 

0. 05 
93. 61 



0. 10 

0. 07 
0. 02 

0. 02 
0. 45 



0. 0070 

0. 0034 

0. 0O06 
0. 0007 

0. 9660 



*NOTE : ATOMIC PERCENT is normalized tu 100 

**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard) /reference (sample) 



NORMALIZATION FACTOR: 1-000 



. 30-Nov-1993 09:47:39 Ni-AR-4 /<> a$ 

flcce 1 era t i ng vo 1 1 age 
Beam - sample incidence angle 
Xray emergence angle 
Xray - window incidence angle 



20.0 KeV 
90. 0 degrees 
35.0 degrees 

0. 0 degrees 



STAND ARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT WEIGHT ATOMIC PRECISION 

& LINE PERCENT PERCENT* £ SIGMA K-RATIO** 

Al KA 4. 11 8.52 0.1© 0.0130 

Mr. KA 0.09 0.09 ®- 02 0.0011 

Fe KA 0.07 0.07 0.02 0.0010 

Ni KA 95.73 91.31 0.39 0.9535 

TOTAL 100.00 
ITERATIONS 7 

*NOTE : ATOMIC PERCENT is normalised to 100 

**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard ) /reference (sample) 



NORMALIZATION FACTOR: 1.000 



30-Nov-1993 09: 42 ; 46 



Ni-AR-3 



ftccelerat ing voltage 
Beam - sample incidence 
Xray emergence angle 
Xray - window incidence 



£0.0 KeV 
angle 90.0 degrees 
35.0 degrees 
angle 0.0 degrees 



STAND ARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT 


WEIGHT 


ATOMIC 


PRECISION 




& LINE 


PERCENT 


PERCENT* 


2 SIGMA 


K-RATIO** 


Al KA 


3. 17 


6.61 


0. 12 


0. 0100 


Si KA 


0. 71 


1. 48 


0. 06 


0. 0030 


Mr. KA 


0. 05 


0.05 


0. 01 


0. 0005 


Fe KA 


0. 08 


0. 08 


0. 02 


0. 0010 


Ni KA 


95. 99 


91.85 


0. 44 


0.9561 


TOTAL 


100. 00 









ITERATIONS 7 

*NOTE : ATOMIC PERCENT is normalized to 100 

**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard) /reference (sample 



NORMALIZATION FACTOR: 1.000 



30-Nov-1993 ©9:57:31 



Ni-T-2 



flccelerat ing voltage 
Beam - sample incidence 
Xray emergence angle 
Xray - window incidence 



20.0 KeV 
angle 90.0 degrees 
35.0 degrees 
angle 0-0 degrees 



STANDARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT 
& LINE 

Al KA 
K KA 
Mn KA 
Fe KA 
Ni KA 



WEIGHT 
PERCENT 

3. 80 
0. 34 
0. 04 

0, 06 

95. 75 



ATOMIC 
PERCENT* 

7.90 
0. 49 

0. 04 
0. 06 

91. 50 



PRECISION 

2 SIGMA K-RATIO** 



0. 12 
0. 04 
0. 01 

0. 02 
0. 43 



0.0120 

0. 0029 

0. 0005 
0- 0006 

0.9537 



TOTAL 
ITERATIONS 



99. 99 

6 



*NOTE : ATOMIC PERCENT is normalized to 100 



**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard ) /reference (sarnpl 



NORMALIZATION FACTOR: 1.000 



30-Nov-1993 ©9:54:39 



Ni-T-1 ZaM^ 



Accelerat ing voltage 

Beam - sample incidence angle 

Xray emergence angle 

Xray - window incidence angle 



20.0 KeV 
90. 0 degrees 
35. 0 degrees 

0. 0 degrees 



STANDARDLESS EDS ANALYSIS 





(ZAF 


CORRECTIONS 


VIA MAGIC 


V) 


ELEMENT 


WEIGHT 


ATOMIC 


PRECISION 




& LINE 


PERCENT 


PERCENT* 


2 SIGMA 


K-RATIO** 


Al KA 




13.07 


0. 16 


0. 0208 


K KA 


0. 35 


0. 48 


0. 04 


0. 0030 


Mn KA 


0. 08 


0. 08 


0. 02 


0. 0009 


Fe KA 


0- 06 


0. 06 


0. 02 


0. 0008 


Ni KA 


93.04 


86. 32 


0. 39 


0. 9247 


TOTAL 


100. 00 









ITERATIONS 7 

*NOTE: ATOMIC PERCENT is normalized to 10© 

**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard) /reference (sample) 



NORMALIZATION FACTOR: 



1 . 000 



30-Nov-lS93 10:00:28 Ni-T-3 

Accelerating voltage 20.0 KeV 

Beam - sample incidence angle 90.0 degrees 

Xray emergence angle 35.0 degrees 

Xray - window incidence angle 0.0 degrees 



STANDARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VIA MAGIC V) 



ELEMENT WEIGHT ATOMIC PRECISION 

& LINE PERCENT PERCENT* 2 SIGMA K-RATIO** 



Al KA (6.00/ 12.18 • 0.17 0.0193 

0*1* ~IV*^ K KA 07~38 0.53 0. 04 0.0032 

/»r**«t'l Mr. KA 0.08 0.08 0.02 0.0009 

Fe KA 0.07 0.06 0.02 0.0009 

Ni KA 93.47 87. 14 0.41 0.9293 



TOTAL 100.00 
ITERATIONS 7 

♦NOTE: ATOMIC PERCENT is normalized to 100 

**NOTE: K-RATIO = K-RATIO x R 

where R = reference (standard ) /reference (sample) 



NORMALIZATION FACTOR: 



1. 0130 



30-Nov- 1 993 1 0 : 02 : 4 1 



Ni-T-4 



(2d S 



Accel erat ing voltage 

Beam - sample incidence angle 

Xray emergence angle 

Xray - window incidence angle 



20.0 KeV 
90- 0 degrees 
35.0 degrees 

0. 0 degrees 



STANDARDLESS EDS ANALYSIS 
(ZAF CORRECTIONS VI ft MOGIC V) 



ELEMENT 


WEIGHT 


OTOMIC 


PRECISION 




& LINE 


PERCENT 


PERCENT* 


£ SIGMfi 


K-RfiTIO* 


fil Kfi 


1. 46 


3. 12 


0. 09 


0. 0045 


K Kfi 


C. 25 


0. 36 


0. 03 


0. 0081 


Mn Kfi 


0. OS 


0. 09 


0. 02 


0. 0010 


Fe Kfi 


0. 09 


0. 09 


0. 02 


0. 0012 


Ni Kfi 


98. 1 1 


96. 33 


0. 42 


0. 9795 


TOTfiL 


100. 00 









ITERATIONS 6 

*NOTE: ATOMIC PERCENT is normalized to 100 

**NOTE: K-RATIO = K-RATIO x R j 

where R = reference ( standard ) /reference ( 



sample) 



NORMALIZATION FACTOR: 



1 . 000 
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LEHBSH K-UAy PHOTOEIECTROIM 
SPECTROSCOPY REPORT 



CONFIDENTIAL 



During the past five months a series of XPS analyses have been 
carried out on 1) Ni electrodes that have been used for hydrolysis 
experiments, 2) various standards and 3) precursor electrode 
material. The results of these measurements are presented in this 
report. 



Experimental 

The instrument conditions were similar, but not necessarily 
identical, for all the analyses. However, in all cases, a high 
quality spectrum was obtained over a minimum binding energy range 
of 80 to 0 ev. This completely covers the Ni 3p region and the 
region around 55 eV which is the approximate location of a n=l/2 to 
infinity transition of reduced energy state hydrogen. In many of 
the spectra, many other regions were also scanned. The specific 
regions depended upon the elements observed in a survey spectrum. 

The first step in the analysis of electrodes from cells running at 
Lehigh consisted of removing the electrode from the cell while 
maintaining the electrode overvoltage during the removal. 
Immediately after disconnecting the electrode for the power supply, 
it was rinsed with distilled water and dried with an N 2 stream. A 
piece of suitable size was cut from the electrode, mounted on a 
sample stub and placed in the vacuum system. This procedure 
typically required 10 to 15 min. If the electrodes were from cells 
not running at Lehigh, the analyses were carried out on "as 



received" material without any additional surface preparation. 
Wire specimens were mounted such that the wire extended over the 
edge of the sample holder. This was done to eliminate any possible 
contributions to the spectrum from the sample holder material. 

The preparation conditions and experimental conditions for the 
various samples are summarized below. The details of the cleaning, 
electrolyte preparation, etc. are recorded in Dr. Mills notebooks. 
These descriptions are intended to provide a quick identification 
only. Samples #1 to #9 were run using K 2 C0 3 electrolytes. Samples 
#10 to #14 were run with Na 2 C0 3 electrolytes. 

Sample #1: Nickel foil was cleaned at Lehigh according to the 
standard procedure in place at the end of June, 1993. The KjCOj 
electrolyte was from the original batch used for earlier HPC 
experiments. A platinum counter electrode was used in this 
experiment. The cell was run for approximately 48 h from 6/24/93 
to 6/26/93 prior to the analysis. 

Sample #2: The preparation for this sample was nearly identical to 
that for sample #1. The major difference was the use of higher 
purity KjCOj . This cell ran for about 50 h from 6/30/93 to 7/2/93. 

Sample #3: A freshly prepared electrode was placed in the solution 
used for sample #1, and the cell was operated for about 50 h from 
6/30/93 to 7/2/93. 
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Sample #4: This is a re-analysis of sample #1 after sitting in a 
plastic bag for 2 6 days. 

Sample #5: This is a re-analysis of sample #3 after sitting in a 
plastic bag for 26 days. A different portion of the electrode was 
analyzed. 

Sample #6: Electrode material from a cell a HPC. The electrode 
was delivered on ice from HPC. 

Sample #7: Nickel wire electrode with an extended running time at 
Lehigh of about 42 days. 

Sample #8: Electrode material from a Ni-Ni cell that had been 
operating at Lehigh for 8 days. 

Sample #9 Wire electrode removed on 10/1/93 from an HPC cell for 
which heat data is available. The sample was delivered under LN 2 
by Bill Goode. 

Sample #10 was taken from one of the two initial cells used for the 
first experiments at Lehigh. 

Sample #11 was prepared using the same electrolyte and dewar that 
were used for sample #10. This cell was run for several weeks 
before the electrode was analyzed. 
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Sample #12 was obtained from a cell in which a small amount of 
ZnS0 4 had been added to the electrolyte. 

Sample #13 was from a cell that had been running at HPC for an 
extended period of time. It was brought to Lehigh on ice and kept 
below freezing prior to being placed in the vacuum system. 

Sample #14 was Ni wire taken from a control cell at HPC. It is the 
exact analog of Sample #9 except for the difference in electrolyte. 
Thermal data is available for this sample. 

Specimens of pure elements and the passivation oxides of these 
elements that were analyzed to provide standards are not given 
sample numbers. The preparation conditions for these specimens are 
listed on the figures or given in the figure captions. 

Results - I^COj electrolyte samples and standard materials 

A survey spectrum of sample #1 is shown in Fig 1. The primary 
elements are identified on the figure. Most of the unidentified 
peaks are secondary peaks or loss features associated with the 
primary elements. The detector was saturated in the high binding 
energy portion of the spectrum, which has the effect of flattening 
the peaks in this region and distorting their intensities relative 
to the peaks in the lower binding energy portion of the spectrum. 
Though this distortion tends to overemphasize the Sn component, it 
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still clear that Sn is a major component of the surface 
composition- It is the presence of Sn and/or other contaminant 
elements in many of the spectra that has obscured and complicated 
the interpretation of the data. 

Figures 2 shows the low binding energy range for the specimen. .The 
data were accumulated over many hours to yield this level of 
signal-to-noise without smoothing. The peaks which can be 
positively identified are labelled in the figure. The broad peak 
labelled X is the one of most interest because it falls near the 
predicted binding energy for a hydrino transition. It has a FWHM 
of about 5.1 eV, and it is centered at a binding energy of 54.6 eV. 
(It is important to note that binding energies in XPS are measured 
relative to the Fermi level, and not to the vacuum level.) 
However, it is necessary to eliminate all other possible 
explanations for this peak before it can be positively identified 
as resulting from a reduced energy state hydrogen atom. For 
example, the Pt 5p 3/2 falls at an energy of 51.4 eV, which is close 
to the predicted energy of 54.4 eV, and Pt can clearly be 
identified as a surface component from the Pt 4f peaks at 74.29 and 
70.95 eV. From a spectrum of pure Pt, it was determined that the 
area ratio of the Pt 5p 3/2 peak to the total Pt 4f peak is 0.043, 
whereas, in the spectrum the area ratio of X to the Pt 4f peaks is 
0.75. Thus, the area of X is about 17 times too large to attribute 
the peak to Pt. Other possible explanations that must be 
considered are fine structure or loss features associated with 
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either of the three major surface components, Ni (oxide), Sri 
(oxide) , Zn (oxide) or small amounts of other elements which have 
their primary photoelectron peaks in the vicinity of 55 eV. 

To examine these possibilities, several experiments were carried 
out. Figure 3 shows expanded scale spectra of.Ni electrode foil 
material that has undergone a variety of treatments ranging from 
clean metal (scraped in vacuum) to room temperature oxidation in 
pure 0 2 (oxidized at 30 kPa for 15 min at r.t.) to air passivation 
at room temperature (scraped in air immediately before insertion 
into the vacuum system) . Examination of Figure 3 shows no evidence 
for any spectral features in the 65 to 45 eV energy range that can 
be associated with either Ni or its oxides for the experimental 
conditions that were explored* It seems unlikely that further 
oxidation or hydration of the oxide layer would result in the 
growth of any spectral features in this energy range. 

The question of both Sn and Pt as the source of the peak is 
addressed by Figure 4. The Pt 5p 3/2 shown in the bottom curve is 
disproportionately large for the actual size of the Pt 4f peaks in 
the spectrum. The overemphasis is being used to show that the peak 
position does not match that of the known feature. The other two 
spectra are of clean Sn metal and a thick Sn oxide. Clean Sn metal 
has a bulk plasmon peak at about 53 eV. However, this peak is 
several times weaker than the plasmon at 38.7 eV. The 38.7 eV peak 
does not appear in the spectrum from Sample #1. Therefore, the 
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unknown peak cannot be ascribed to Sn metal. The thick Sn oxide 
shows no structure in the energy range from 65 to 30 eV. A 
comparison of the Sn peaks from sample #1 and the Sn oxide indicate 
that most of the Sn signal in the sample #1 spectrum is from 
oxidized Sn* - Zinc also appears in the survey spectrum. 
Comparisons between Sample #1 and Zn metal and oxide are shown in 
Figs 5 and 6. The arguments for discounting a Zn contribution are 
the same as those used to eliminate Sn the source of the feature. 



With the exception of Li, there are no other common elements with 
a primary photoelectron peak at about 55 eV. Looking to other 
elements with secondary peaks at this position, the most probable 
candidate is the Fe 3p. The primary Fe peak, the 2p levels, are 
obscured by the very strong Ni Auger lines which overlap Fe 2p 
energy range. This possibility cannot be completely eliminated 
without further study, though spectral synthesis using spectra from 
clean Fe and clean Ni suggest that Fe concentrations of <5% 
relative to Ni should be discernible in the Fe 2p energy region. 

Additional sets of data were obtained from Sample #1. One set of 
data were obtained after the specimen was heated to about 700 C. 
Another set of data were obtained after the electrode had been 
stored in v air for 26 days. This was identified as Sample #4 in the 
experimental section. The comparisons are shown in Figure 7. Using 
the Mg 2p as a marker peak, it will be noted that the shape of the 
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feature changes upon heating and that the centroid shifts to a 
higher binding energy- The binding energy of the feature has also 
shifted to higher values in the spectrum of the stored specimen. 
The reasons f^or these changes are not obvious, especially for the 
heated specimen. Heating under UHV conditions tends to reduce 
oxides. Normally this results in peaks shifting to lower rather 
than higher binding energies. This is evident in Figure 8 which 
shows the Sn 4d spectrum of Sample #1 before and after heating. 
Also shown for comparison are spectra from a thick Sn oxide and Sn 
metal. Heating did not completely reduce the oxide, but the 
spectra show that it is more metallic than oxidized after the 
heating. The amount of Ni oxide was also reduced as a result of 
the heating. If the feature is an Fe 3p peak, the expected result 
would be a decrease in the binding energy upon heating rather than 
an increase. 

In summary, the spectrum from Sample #1 yields a broad feature 
centered at about 55.4 eV. Most contaminant elements have been 
eliminated as the source of this feature, though the slight 
possibility remains that it is an Fe 3p peak or a very unusual 
contaminant. The feature undergoes slight changes in shape and 
shifts to slightly higher binding energies as a result of both 
heating and storage. 

A survey spectrum from Sample #2, which was prepared using a higher 
purity K 2 CO z , is shown in Fig. 9. The amount of Sn is much lower 
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in this spectrum, though there are substantial amounts of Zn and 
Ti. An expanded spectrum of the lower binding energy range is 
shown in Figure 10. Many of the peaks are labelled. A further 
expansion and comparison is shown in Figure 11. It can be noted 
that the unknown feature is also present in this sample as well, 
though it is at a slightly higher binding energy. 

A comparison of the lower binding energy region for Samples #2 and 
#3 is shown in Figure 12. There are two significant differences: 
1) Sample #3 has a high concentration of Pt on the surface from the 
counter electrode and 2) there is no Ti and much less Zn on Sample 
#3. Both samples have very low Sn concentrations. Figure 13 shows 
a further expansion of the spectra together with a portion of a 
clean Pt spectrum. The feature at about 52 eV in the curve from 
Sample #3 is clearly the Pt 5p 3/2 photoelectron peak. 

As indicated previously, Sample #4 is a reanalysis of Sample #1. 
The results from Sample #4 were discussed above to some extent. 
The only additional comment about Sample #4 is that the data show 
that the nickel oxide layer had thickened during the storage time. 

Sample #5 was a reanalysis of sample #3. Spectra for Sample #5 are 
shown in Fig. 14. As expected, the spectra from both samples are 
very similar. The differences in composition can probably be 
attributed to sampling from different regions on the electrode. 
The feature at 52 eV can be attributed to the Pt concentration. 
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The low binding energy region of Sample #5 and a comparison with 
Sample #3 and Ni metal are shown in Fig. 14. 

Sample #5 is very similar to sample #3 in that it used the initial 
electrolyte with a new electrode. 

The spectrum in Fig* 15 is from Sample #6. It is a cathode that 
was run for an extended period of time at HPC and was delivered on 
ice. The surface is quite heavily covered with hydrocarbon. In 
addition, a number of other elements are observed on the surface 
including Ca, Nb, Si and Pt. As can be seen from Fig. 16, any 
information about the feature at 55 eV is hidden by the amount of 
Pt and other elements on the surface. 

Figure 17 shows the survey spectrum of a wire cathode that was run 
for a very long time at Lehigh. In addition to the elements listed 
on the figure, there were also a small amounts of Ti and Mg on the 
surface. Figure 18 shows expanded views of the low binding energy 
region. The unknown feature is quite strong in the spectrum from 
Sample #7. Comparisons of the spectrum from Sample #7 and Sample 
#1 are also provided. It can be noted that the position is slightly 
different, but it is clearly the same feature. 

The spectra from the Ni-Ni cell are shown in Figs. 19 and 20. In 
addition to the expected Ni and 0, there are significant amounts of 
Te, In and Pb. The Te appears to mostly metallic. Both Pb and In 

10 



have oxide and metallic components. There is no strong evidence 
for a feature around 55 eV. 

The final specimen of Ni in a I^COj electrolyte was Sample #9 which 
came from a cell at HPC. The is heat data available for this 
specimen. The survey spectrum in Fig. 21 shows that the only 
significant contaminant is In. There is also some K, which 
suggests that the rinsing may not have been complete. There is 
also a trace of Si. Figure 22 provides the expanded views of the 
lower binding energy regions. The center of the feature is closer 
to 57 eV than it is to 55 eV, but it is still very similar in shape 
to the features in the other spectra. 

Of the seven different samples using the K 2 C0 3 electrolyte (Samples 
#1 and #4 were the same, as were Samples #3 and #5), four showed 
evidence of a feature at about the correct binding energy for a 
transition involving a factional energy level hydrogen atom. These 
were Samples #1,,#2, #7, and #9. 

Results - Na 2 C0 3 electrolytes 

The spectra for Sample #10 are shown in Figs. 23 and 24. The 
various elements detected on the surface are labelled on the 
figures. It was impossible to assess the possibility for a feature 
or lack thereof because of the very large amount of Mg that plated 
out during the electrolysis. 



The results for Sample #11 are shown in Figs, 25 and 26. A large 
amount of Pt had plated out on the surface during this experiment, 
and the Pt 5p 3/2 peak interferes with any small features that might 
be at lower binding energy. 

Sample #12 was from the experiment in which a small amount of Zn 
salt was added to the Na electrolyte. The spectra shown in Figs. 
27 and 28 show a nearly complete coverage of the surface by Zn 
oxides or hydroxides. Pt and Mg are also visible on the surface. 
There was a small feature adjacent to the Mg 2p peak that could not 
be positively identified. However, a comparison with the feature 
obtained from Sample #7 shown in Fig. 28 shows that this peak is at 
a somewhat lower binding energy, and that its source is not the 
same as the feature in the spectrum from Sample #7. 

No substantive information could be obtained from Sample #13 which 
came from an electrode run at HPC. This sample showed 
approximately the same characteristics as Sample #11, i.e., the 
surface was heavily covered with Pt. Spectra from this sample are 
shown in Figs. 29 and 30. 

Sample #14 represented the best spectrum for a direct comparison 
between the electrode surfaces that are generated by the two types 
of electrolytes. The spectra shown in Figs. 31- & 32 indicate that 
the extraneous contamination is minor and does not obscure the 
interpretation of the data. There is only a very small trace of Mg 
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in the energy region of primary interest. 



The comparison between electrodes which have been used in the two 
types of electrolyte solutions the is explored further in the 
spectra shown in Figs. 32 & 33. The two samples represented by the 
spectra were prepared at HPC, and heat data is available for both. 
From a compositional and surface chemical standpoint, there are 
several similarities and differences between the samples. Both 
samples have small amounts of Si, Mg and S on the surface. The 
concentrations of these are not the same on both surfaces, but they 
are of the same order of magnitude. The Na sample has a small 
amount of lead on the surface; the K sample does not. The K sample 
has both K and In on the surface; the Na sample does not. 
Chemically, the Ni oxide layer on the K sample is thicker and more 
hydrated than on the Na sample. The most important difference is 
the fact that the K sample has the spectral feature at about 57 eV. 
There is no evidence of any structure in this region on the Na 
sample. The difference is most clearly illustrated in Fig. 34. I 
have been unable to associate the spectral feature at about 55 to 
57 eV with any surface contaminant element, and the spectral 
comparison in Fig. 3 3 represents the best evidence to date for 
hydrino atoms. 

Results - Cleaning treatments 

The last figure, Fig. 35, illustrates the results of some cleaning 
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experiments that were carried out very early. The samples 
consisted of a piece of electrode material cleaned and treated with 
both peroxide and K electrolyte by Randy Mills at the time of 
starting the first experiment and other pieces of electrode 
material that were solvent cleaned only, cleaned with solvents and 
peroxide only, cleaned with solvents and immersed in electrolyte 
only, and cleaned with solvents and treated in the 
peroxide/electrolyte mixture. I carried out the latter experiments 
at Lehigh. The techniques used by HPC were duplicated to the best 
extent possible. Unfortunately, low binding energy region data 
were not obtained for some of the samples, but there are overall 
compositional results for all the specimens. The only elements 
present on the surface of the solvent cleaned and peroxide cleaned 
surfaces were Ni, 0 and C. After a 30 min immersion in K 
electrolyte only, a solvent cleaned sample showed that a small 
amount of Sn (<l at.%) had deposited on the surface. Three pieces 
of electrode material were treated in the combined solution: one by 
Randy Mills and two by myself. The surface of the Mills' cleaned 
sample contained only Ni, 0, and C. Both Zn and Sn were present on 
the two samples that I treated. Both of my specimens were treated 
in the same batch of peroxide/electrolyte solution, and the first 
of the two samples had far more of contaminant elements than the 
second. It may be that the solution "cleans up" as more sample 
area is treated, and that the amount of contaminant on the 
electrode surfaces will be a function of the history of the 
solutions. 
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The interesting aspect of the data shown in Fig. 35 is the feature 
at about 57 eV. it is present only on the two samples that I 
cleaned. However, the magnitude of the feature is about the same 
in both spectra even though there are clear differences in the 
amount of Zn and Sn on the surface as shown by the peaks at 10 eV 
and 28 eV. This is evidence that the feature is not related to Zn 
and Sn contamination. I was unable find any other elements on the 
surface that cause the feature. 

In summary and conclusion, the following positive observation is 
offered: 

1. The persistent appearance of a spectral feature near the 
predicted binding energy for many of the electrodes used with a K 
electrolyte is an encouraging piece of evidence for the existence 
of reduced energy state hydrogen. 

Other observations which do not discount the identification of the 
spectral feature as reduced energy state hydrogen, but which 
introduce uncertainty into the interpretation of the spectral 
feature are: 

1. The spectral feature is only observed when there are 
contaminant elements of some type also present on the surface. 
However, it has not been possible to identify the feature as being 
directly related to any of the identified contaminants. 
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2. The feature persisted in Sample #1 even after being heated to 
>700°C. Normally, it is expected that hydrogen would diffuse out 
of the sample at these temperatures. In addition, the shape of the 
feature changed as result of heating. 

3. Two of the hydrogen peroxide/potassium electrolyte treated 
foils exhibit the feature while another one does not. 
coincidentally, the surfaces showing the feature have contaminant 
elements, whereas the surface not showing any contamination does 
not have a definable feature. 

4. The postion of the feature varied over about 2 eV if we examine 
all of the specimens. This would not be expected. 
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Experimental Verification by Idaho National Engineering 

Laboratory 

Methods 

A search for excess heat during the electrolysis of aqueous potassium 
carbonate (K + /K + electrocatalytic couple) was investigated using cells 
supplied by HydroCatalysis Power Corporation and a cell fabricated by 
Idaho National Engineering Laboratory (INEL). To simplify the calibration of 
these ceils, they were constructed to have primarily conductive and forced 
convective heat losses. Thus, a linear calibration curve was obtained. 
Differential calorimetry was used to determine the cell constant which v 
was used to calculate the excess enthalpy. The cell constant was 
calculated during the experiment (on-the-fly-calibration) by turning an 
internal resistance heater off and on, and inferring the cell constant from 
the difference between the losses with and without the heater. 

The general form of the energy balance equation for the cell in steady 
state is: 

0 = P app i + Qhtr + Qxs - Pgas " Qloss (IIU) 
where P app i is the electrolysis power; Q hlr is the power input to the heater; 
Q xs is the excess heat power generated by the hydrogen "shrinkage" process; 
P gas is the power removed as a result of evolution of H2 and O2 gases; and 
Qloss is the thermal power loss from the cell. When an aqueous solution is 
electrolyzed to liberate hydrogen and oxygen gasses, the electrolysis power 
p appi (=E appi l) can be partitioned into two terms: 

Pappi = E appl I = Pcell + Pgas (lll2) 
An expression for P gas ( = Egasi) is readily obtained from the known enthalpy 
of formation of water from its elements: 

= -AH form } 
L 9 as aF 
(F is Faraday's constant), which 
yields E gas = 1.48 V for the reaction 

H2O - H2 + \ 02 (i 11.4) 

The net faradaic efficiency of gas evolution is assumed to be unity; thus, 
Eq. (1 1 1.2) becomes 

Pcell = (E app , - I.48V)I (IH.5) 
The cell was calibrated for heat losses by turning an internal resistance 
heater off and on while maintaining constant electrolysis and by inferring 
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the cell constant from the difference between the losses with and without 
the heater where heat losses were primarily conductive and forced 
convective losses. When the heater was off, the losses were given by .- 
c(T c - Tt>> = Pappl + 0 + Q xs " Pgas <NI.6) 
where c is the heat loss coefficient; T D is ambient temperature and T c is 
the cell temperature. When a new steady state is established with the 
heater on, the losses change to: 

c(Tc - T D ) = P app) + Qhtr + Q*xs " P'gas <" 1 ' 7) 

where a prime superscript indicates a changed value when the heater was 
on. When the following assumptions apply * 
Qxs - Q'xsi Pappl " P'appi; Pgas = P*gas <"'-8> 
the cell constant or heating coefficient a, the reciprocal of the heat loss 
coefficient(c), is given by the result 

Tc " T C 



a = 



(111.9) 



Q htr 

In all heater power calculations, the following equation was used 

Qhtr = E hl rlhtr (l "- ,0) 



1 4 



LIGHT WATER CALORIMETRY EXPERIMENTS 



INEL EXPERIMENT I (DC Operation) 

The present experiments were carried out by observing and 
comparing the temperature difference, AT \ =T(electrolysis only) - 
T(blank) and AT 2 = T(electrolysis plus resistor heating) -T(blank) 
referred to unit input power. 

The cell comprised a 10 gallon (33 in. x 15 in.) Nalgene tank 
(Model * 54100-0010). Two 4 inch long by 1/2 inch diameter 
terminal bolts were secured in the lid, and a cord for a heater was v 
inserted through the lid. 

The cathode comprised I.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support structure where 0.5 inch holes 
were drilled over all surfaces at 0.75 inch spacings of the hole 
centers and 2.) 5000 meters of 0.5 mm diameter clean, cold drawn 
nickel wire (Nl 200 0.0197", HTN36N0A61, Al Wire Tech, Inc.). The 
wire was wound uniformly around the outside of the mesh support as 
150 sections of 33 meter length. The ends of each of the 150 
sections were spun to form three cables of 50 sections per cable. 
The cables were pressed in a terminal connector which was bolted to 
the cathode terminal post. The connection was covered with epoxy to 
prevent corrosion.. 

The anode comprised an array of 15 platinized titanium anodes 
(15 - Engelhard Pt/Ti mesh 1.6" x 8" with one 3/4" by 7" stem 
attached to the 1.6" side plated with 100 U series 3000). A 3/4" wide 
tab was made at the end of the stem of each anode by bending it at a 
right angle to the anode. A 1/4" hole was drilled in the center of each 
tab. The tabs were bolted to a 12.25" diameter polyethylene disk 
(Rubbermaid Model -°"2666) equidistantly around the circumference. 
Thus, an array was fabricated having the 15 anodes suspended from 
the disk. The anodes were bolted with 1/4" polyethylene bolts. 
Sandwiched between each anode tab and the disk was a flattened 
nickel cylinder also bolted to the tab and the disk. The cylinder was 
made from a 7.5 cm by 9 cm long x 0.125 mm thick nickel foil. The 
cylinder traversed the disk and the other end of each was pressed 
about a 10 A /600 V copper wire. The connection was sealed with 
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Teflon tubing and epoxy. The wires were pressed into two terminal 
connectors and bolted to the anode terminal. The connection was 
covered with epoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HC1 for 5 
minutes and rinsed with distilled water. The cathode was cleaned in 
3% H2O2/ 0.57 M K2CO3 and rinsed with distilled water. The anode 
was placed in the cathode support and the electrode assembly was 
placed in the tank containing electrolyte. The power supply was 
connected to the terminals with large cables. 

The electrolyte solution comprised 28 liters of 0.57 M K2CO3 
(Alfa K2CO3 99%) in the case of the MC 3 cell or 28 liters of 0.57 li 
Na2C03 (Alfa Na2C03 99%) in the case of the MC 2 cell. 

The heater comprised a 57 ohm 1500 watt Incoloy coated 
cartridge heater which was suspended from the polyethylene disk of 
the anode array. It was powered by a regulated power supply. The 
voltage was measured with a digital meter, and the current was 
measured as a voltage across a precision resistor with a digital 
meter. 

The stirrer comprised a I cm diameter by 43 cm long glass rod 
to which an 8 cm by 2.5 cm Teflon half moon paddle was fastened at 
one end. The rod passed through a bearing hole in the tank lid and 
through a bearing hole in the center of the anode array disk. The other 
end of the stirrer rod was connected to a variable speed stirring 
motor. The stirrer shaft was rotated at 4 Hz. With the stirrer 
connected/ the stirrer motor drew 4.7 W. With the stirrer 
disconnected, the stirrer drew 4.4 W; thus, 0.3 W was the stirrer 
power. 

Electrolysis was performed at 39.5 amps constant current with 
a constant current power supply. The cells were operated in the. 
environmental chamber in the INEL Battery, test Laboratory. The 
chamber maintained the average temperature of the cell surroundings 
within 1 °C. The bottom of the cell rested on a 1/2 inch thick sheet 
of Styrofoam. 

The temperature was recorded with a series of Teflon-coated 
Type E thermocouples inserted in several places. The ambient 
temperature reference was a closed one-liter container of water . 
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with a thermocouple nominally in the center of the water volume. 

Data from thermocouples, voltages, and currents were logged by 
one of the Battery Lab's computer based data systems and recorded at 
5 minute intervals. The delta temperature (AT=T(electrolysis only) - 
T(blank) ) and electrolysis power were plotted. The heating 
coefficient was determined "on the fly" by the addition of heater 
power. The delta temperature AT2=T(electrolysis + heater) - 
T(blank)) and the electrolysis power and heater power were plotted. 

Mass spectroscopy of the gasses evolving from the MC 3 
(K2CO3) cell was performed using a VG Instruments model SXP-50 
high -precision mass spectrometer with O.Ol-amu mass resolution 
and 6 decade sensitivity. 

A 100 ml sample of the 0.57 li K2CO3 electrolyte of the MC 3 
(K2CO3) cell was removed after 20 days of cell operation, and a 
chemical analysis was performed on the electrolyte using an 
Inductively Coupled Plasma-Atomic Emission Spectrometer. 

RESULTS 

Light Water Calorimetry 

The results of the electrolysis for INEL cell runs MC 2 and MC 3 
at 39.5 A constant current appear in Figure 1 (hand plot of data by 
INEL scientists). As shown in Figure 1 , the MC 3 (K2CO3) cell 
intercepts the Total Input Power axis at 35 W; whereas, the MC 2 
(Na2C03) cell intercepts the Total Input Power axis at 59 W. The 
input power to electrolysis gases given by Eqs. (II 1.2-1 1 1.5) is 
(39.5X1.48) = 58.5 W. The production of excess enthalpy of 25 W is 
observed with the MC 3 (K2CO3) cell, and energy balance is observed 
with the MC 2 (Na2C03) cell. 

Mass spectroscopic analysis of the gasses evolved by the MC 3 
(K2CO3) cell showed that a significant fraction of the sample was air 
with standard constituents. When the spectrum associated with air 
was removed, the residue showed a. majority of diatomic hydrogen and 
oxygen gases in approximately the 2:1 proportion expected from the 
electrolysis and residual water vapor. There were no hydrocarbons, 
no metallic constituents or other anomalies except that a slightly 
higher than expected hydrogen to oxygen ratio was observed. No 
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tritium or deuterium measurements above normal background were 
observed. 

Chemical analysis of an electrolyte sample from the MC 3 
(K2CO3) cell after 20 days of operation found the following 
components at levels above the background levels in the water used 
to fill and replenish the cell: 1.7 ppm silicon, 1.1 ppm sulfur, and 46.5 
ppm sodium in addition to the K2CO3 salt. Small quantities of silicon 
are known impurities in the nickel wire and may have also come from 
the glassware used in various processes. Sulfur is a common 
impurity in the salt, and it may have come from the resin beds used 
for water deionization. Sodium is a probable salt impurity, and it 
may also have come from hand contact with the system. The 
potassium was measured at 43,000 \iq/m] corresponding to a salt 
molarity of 0.55 M (within measurement error of the initial 0.57 
molarity determined by weighing the salt and measuring the water 
for the initial charge). The electrolyte retained its molarity. The 
cell potential characteristics were essentially unchanged over the 
duration of operation. There were no nickel or other metallic 
compounds present in the electrolyte. A visual inspection of the cell 
showed that all of the structural components were intact. The cell 
comprised about 155 moles of nickel in the cathode, about 6.5 moles 
of titanium in the anodes, and about 13.7 moles of K2CO3. The only 
material consumed in the cell was nano-pure deionized water. 

I NEL EXPERIMENT II (Pulsed Power Operation) 

The 'MC 3 (K2CO3) cell was wrapped in a one- inch layer of urethane 
foam insulation about the cylindrical surface. The top was not insulated. 
The bottom of the cell rested on a 1/2 inch thick sheet of Styrofoam. 

The cell was operated in a pulsed power mode. A current of 10 
amperes was passed through the cell for 0.2 seconds followed by 0.8 
seconds of zero current for the current cycle. The cell voltage was about 
2.4 volts, for an average input power of 4.8 W. The electrolysis power 
average (Eq. (1 1 1.5)) was 1.84 W, and the stirrer power was measured to be 
0.3 W. Thus, the total average net input power was 2.14 W. The cell was 
operated at various resistance heater settings, and the temperature 
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difference between the cell and the ambient as well as the heater power 
were measured. 

RESULTS 

Light Water Calorimetry 

The results of the excess power as a function of cell temperature 
with the MC 3 cell operating in the pulsed power mode at 1 Hz with a cell 
voltage of 2.4 volts, a peak current of 10 amperes, and a duty cycle of 20 % 

appears in Figure 2. 

Figure 2 shows that the excess power is temperature dependent for 
pulsed power operation, and the maximum excess power shown in Figure 2. 
is 18 W for an input electrolysis joule heating power of 2. 14 W. Thus, the 
ratio of excess power to input electrolysis joule heating power is 850 %. 

TNEL EXPERIMENT III (Forced Convection Calorimetry Of INEL Cell) 

INEL scientists constructed an electrolytic cell comprising a nickel 
cathode, a platinized titanium anode,. and a 0.57 M K2CO3 electrolyte. The 
cell design appears in Appendix 1. The cell was operated in the 
environmental chamber in the INEL Battery test Laboratory at constant 
current, and the heat was removed by forced air convection in two cases. 
In the first case, the air was circulated by the environmental chamber 
circulatory system alone. In the second case, an additional forced air fan 
was directed onto the cell. 

The cell was equipped with a water condensor, and the water addition 
to the cell due to electrolysis losses was measured. 



RESULTS 

Light Water Calorimetry 

The data of the forced convection heat. loss calorimetry experiments 
during the electrolysis of a 0.57 M K2CO3 electrolyte with the cell 
appears in Table 1 and Figure 3. The comparison of the calculated and 
measure water balance of the INEL cell appears in Table 2 and Figure 4. 

The intercept of the Net Input Power (calculated using Eq. (ill. 5)) axi 
of Figure 3 for both cases of forced convection is 13 W. Thus, 13 W of 
excess power was produced by the INEL cell. This excess power can not be 
attributed to recombination of the hydrogen and oxygen as indicated by th( 
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equivalence of the calculated and measured water balance as shown in 
Figure 4. 
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T Best Available Copy 
DATS: December 16, 1892 

TO: Richard Deaton MS 4139, Ext. 6-2016. FAX 6-2681 

KOI: R. L. Drexler M8 3123, Ext. 6-1789 

SUBJECT: INEL CELL CATHODE ESTIMATE 

Attached are the following sketches and revised sketches: 
Cathode Assembly for INEL CELL 12/16/92 
Narrow Cathode Strap for INEL CELL 12/16/92 
Cathode C-l INEL CELL 12/2/92 
Mandrel - Cathode Windiiig 12/8/92 
Electrode Bos Ring INEL CELL 12/16/92 

the 12/15/92 sketch. 

The cathode windings could be made on a mandrel per the sketch 12/8/92 or 
similar suitable arrangement. 

These cathodes and bus rings are similar to those previously fabricated 

except : 

l! me straps are 0.5 in wide rather than 10 fc-J^^K^ 
straps would be flat rather than arched to fit the winamg cui 

2. There are no secondary straps as were added to the wirings of the 
first cathode assembly. 

3 Wrings would be less dense than the first wading A much steeper 
Pitch* Iprobably necessary to achieve the more open wind. 

4. Weight of the NI-200 wire of each «^^^»J*Z£ as 
3.33 pounds, and both windings should have the same weignx. <w 

possible . 

5 Slots in the Teflon Buss Ring for the cathode straps would be 0.50 
Side rather than the 1.0 width of the first ring. 
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CALORIMETRY FOR A Ni/K2CC>3 CELL 



by 



M.T. Craw-Ivanco, R.P. Tremblay, H.A. Boniface and J. Hilborn 



SUMMARY 



Experiments were conducted to assess the possibility of excess heat production in light-water 
electrolytic cells. The program comprised six basic experiments in which the magnitude of heat 
production was monitored calorimetrically over a period of several days. The first three experiments 
were conducted with a relatively high power (about 10 W). In the first two experiments, there was an . 
indication that some significant recombination of the electrolysis gases was occurring; therefore, an 
experiment was conducted in which a hydrogen/oxygen recombiner catalyst was introduced to the 
electrolysis cell. No conclusive evidence of excess power generation was observed. These experiments 
were performed at power levels in excess of those recommended by Randell Mills; of Hydrocatalysis 
Power Corporation (HPC). The electrode assembly was modified by Randell Mills, and on the 
direction of HPC a second series of experiments was conducted at lower power (-1 W), this time with 
ambiguous results because of measurement difficulties. In the higher power experiments (#1, #2 and 
#3), no net excess or deficit energy was observed greater than experimental error. According to Mills, 
this result was consistent with operation at currents and voltages substantially higher than 
1 mA cm* 2 and 2.5 V. The lower power experiments were done within the recommended current 
density and voltage, and according to Mills the expected excess heat would be about 0.25 W. Various 
methods of analysis were applied to the results of experiments #4, #5 and #6. Some of these 
analyses indicated possible excess heat at approximately this level. A model was developed to help 
elucidate the heat transfer characteristics of the system and hence give some insight to the energy 
balance data for low-power experiments. 
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1 . INTRODUCTION 

Since the original claims of excess heat production in electrolytic cells by Pons and Fleishman, a 
considerable body of work has emerged, both experimental and theoretical. Fairly comprehensive 
reviews of the literature have been given recently.' While the original "excess heat generation" 
experiments concentrated on heavy- water solutions and noble metal cathodes, more recently several 
studies to investigate excess heat production with a K2C03/light-water electrolyte in an electrolytic 

cell with a nickel cathode and platinum anode have been reported.' 3 " 6 ' 

The inventor of this work is Randell Mills, of Hydrocatalysis Power Corporation (HPC), who has 
reported excess power generation of 50 to 100% of the input electrical power with constant current 
and as high as 10 to 15 times input power with pulsed current.^ Our work aimed to repeat the 
experiments of Randell Mills, to determine whether excess heat generation was observable in our 
experimental system. The experimental program was therefore conducted in close collaboration with 
personnel from HPC. 



2. EXPERIMENTAL 

2. 1 Materials and Supplies 

Potassium carbonate was purchased from the Aldrich Chemical Company and certified to be 99.99% 
pure. Nickel wire was obtained from Alfa Chemicals and all gases used came from Linde. Distilled 
18 MQ cm deionized water was used for making up the electrolyte solution. To ensure no 
contamination of the electrode system all glassware was washed in HC1, rinsed copiously with 
distilled water and dried overnight in a vacuum oven at 200°C. In the first experiment, the cathode 
and anode were dipped in concentrated HC1 for one hour, and then rinsed thoroughly with distilled de- 
ionized water. In subsequent experiments, the anode was treated as in experiment 1, but the 
cathode material was immersed in a 0.57 M K2C03/3%H202 solution for thirty minutes, and then 
rinsed with distilled de-ionized water J 7 ' Once the cell had been cleaned all manipulations were 
carried out using nylon gloves. At no time were the electrodes immersed in electrolyte solution 
without current flowing. In experiment #3, AECL wetproofed catalyst # QA87-204 was inserted into 
the top of the electrolysis cell, to ensure complete recombination of all of the electrolysis gases. 

2.2 Cell Design 

To reproduce the conditions of Mills' experiments, a new cell was designed and constructed, as shown 
in Figure 1. The cell volume was approximately 1200 mL. The electrode support was constructed 
from polypropylene. The central cathode comprised 100 m of 0.5 mm nickel wire. Around the outer 
section of the electrode support, six 4-mm diameter glass rods were positioned (-1 cm from the central 
cathode) to support the 1.5-mm diameter platinum wire anode. The ratio of cathode to anode surface 
area was approximately 20:1. For the first experiment the electrode wires were connected directly to 
the power supply; for subsequent experiments the anode and cathode wires were clipped at the point 
of exit from the electrolyte solution and replaced by #16 American Wire Gauge (AWG) copper wire, to 
minimize resistive losses. The cell was stirred with a magnetically coupled glass stirring-rod 
assembly fitted with a Teflon paddle. Electrolysis gases were passed from the cell via the vent tube 
and a molecular sieve drier to a Tylan thermal mass flow transducer, to determine the quantity of gas 
being released from the cell. The mass flow transducer was calibrated using a stoichiometric (2:1) 
H2/O2 gas mixture against a soap bubble meter. Gases emitted from the electrolysis cell were 
sampled and analyzed by gas chromatography. The ratio of hydrogen to oxygen in the effluent from 
the cell was found to be 2.14:1.00. 
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Figure 1 - Electrolysis Cell 
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2. 3 Temperature Control ^ ^ 

A temperature-controlled enclosure was employed for these experiments, to ensure that fluctuations in 
the ambient temperature would not adversely affect the experimental results. The entire 
experimental system is shown in Figure 2, and a schematic illustrating the system water flow is 
shown in Figure 3. The ambient temperature in the enclosure was controlled by heat lamps, a cooling 
coil and a fan to circulate the air in the enclosure (minimum 2.5 m 3 h" 1 ). 

2.4 Operating Conditions 

The electrolysis cell was immersed in water inside the stainless-steel dewar and surrounded by a coil 
of copper tubing. Water was circulated through this coil to absorb heat from the cell when electrolysis 
was occurring. The experiment was designed in such a way that, for a given current, the theoretical 
heat generation was calculated and the inlet temperature of the water flowing through the copper coil 
adjusted such that the outlet temperature from the cooling coil would be approximately equivalent to 
the dewar temperature and the ambient temperature of the enclosure. 

The ambient temperature and the dewar temperature were chosen as 35 to 37°C. The inlet 
temperature of water to the cooling coil was approximately 22 to 24°C, and the outlet temperature 
was approximately equal to the dewar temperature. The water circulating in the cooling cod was 
stored in a 25 L reservoir tank and passed through a constant temperature water bath (to obtain a 
temperature of 22 to 24°C) via insulated lines and a heat exchanger (to further ensure the 
appropriate inlet temperature) to the cooling coil in the dewar. The flow rate of water was controlled 
and monitored by an HPLC pump; as a check on the flow rate, the water was also passed to a 
weighing tank, which, when full, emptied into a drain tank equipped with a level controller and 
recycle loop to re-fill the water reservoir. In this way, the experiment could be run continuously with 
minimum operator intervention. 

System temperatures, exit gas flow rate, water flow rate, voltage and current were all monitored and 
stored using a Data Translation DT2805 computer data acquisition system linked to a PC. A 
computer program was written for data acquisition and signals were recorded. 

2.5 Instrumental Uncertainties and Estimation of Experimental Errors 

Components of the experimental system were calibrated and where possible the experimental 
uncertainty associated with each of the following measurements was established or, where necessary, 



calculated: 



i. 



n. 



in 



v. 



IV 



w 



Voltage, current and hence input power. 
Temperature measurements. 
Flow rate of water to cooling coil. 
Power from recombination of gases. 
Resistive losses in lead wires. 

Effect of ambient temperature on dewar temperature. 
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Constant Temp. 




Water Bath 




Figure 3 - Water Flow Diagram 



L Voltage and Current Measurements 

The voltage and current were recorded with the computer data acquisition system The D^ 05 
board A/D subsystem has an accuracy of ± 0. 1% FSR and a precision of ± 1 LSB (0.025% ). 1 he 
computer readout was compared with a 4.5 digit Fluke 8060A electronic multimeter. All readings 
were in agreement to four significant figures. The voltage was measured across supply wires near the 
entry to the cell, as shown in Figure 4. The current was obtained by measuring the voltage drop 
across a 10 W, 100±1 mQ resistor. The exact resistor value was obtained using the voltage drop 
measured by the computer and the current flowing through the resistor as measured by a r luke 
8060A and a Fluke 77 multimeter. The resistor value was found to be 103.8 ± 2.3 mfi over the 
operating range. The input power was calculated from: 

Power = Voltage x Current 
The error associated with the calculation of the input power is estimated to be approximately ±2.2?r. 
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Figure 4 • Cell Electrical Measurements 



iL Temperature Measurements 

A Data Translation DT707-T screw terminal panel was used to make all the connections to the Data 
Translation DT2805 data acquisition board. The DT707-T is equipped with a thermocouple cold- 
junction compensation circuit (CJC). The CJC circuit provides a means by which to determine the 
temperature of the DT707-T board. The computer program was written to permit compensation for 
errors by the cold-junction thermocouple formed at the DT707-T. The CJC was calibrated following 
the procedure described in the user manual. 

Since the board was located inside the test enclosure, the temperature of the board was used, as a 
measure of the ambient temperature in the enclosure. The water inlet^ outlet and dewar 
temperature were measured using copper-constantan thermocouples (Type T, Limits of error ± l O). 
The temperature difference between the water inlet and outlet was used in the calculation to 
determine the power output of the cell. Small variations in the temperature measured by two .. 
independent thermocouples can occur.. To eliminate this type of potential repeatability error the two 
thermocouples used to measure the water inlet and outlet temperature were matched so that both 
thermocouples indicated the same temperature when immersed in an ice bath or in boiling water to 
within 0.1°C. 

The thermocouples were calibrated and the error associated with AT measurements at the input and 
output of the cell were found to be within ±0.35%. 

iii Flow Rate of Cooling Water 

The flow rate of cooling water was controlled with the HPLC pump. The water was passed through 
the cooling coil and then to a reservoir situated on top of a balance. The mass of water in the 
reservoir was monitored (using the computer), and after approximately 100 minutes the average flow 
rate was calculated and compared with the flow rate reading recorded with the pump. The pump 
value for cooling-water flow rate was determined to be accurate to ±0.3%. The output power from the 
cell was calculated using the mass reading from the balance. If the balance reading fell below 98% of 
the pump reading, then the pump average flow was used to calculate the output power. 

The power derived from the electrolytic cell (P coo |) was calculated according to the following equation: 
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Pcool = QCpAT 

where: 

C p is the heat capacity of liquid water and taken as 4.184 J g* 1 K _1 > 

AT is the difference in temperature between the inlet and outlet of the cooling coil, and 

Q is the flow rate of water to the cooling coil in gs* 1 (as determined from the balance). 

The limit of accuracy attainable for power out measurements is estimated to be within 2%. 

iv. Power from Recombination of Electrolytic Gases 

Recombination of hydrogen and oxygen produced on electrolysis is possible, and therefore all gases 
being released from the cell must be measured and accounted for. The power associated with 
recombination may be calculated from: 

= ah 300 K rcu - ; x I x ^ 

where: 

P rec = the power added to the system from recombination of hydrogen and oxygen, 
AH300 K = - 285.771 kJ mol' 1 ,! 8 ! enthalpy of formation of H2O (g) from H2 and O2 in their 

standard states at 298 K and 101.325 kPa, 
Qcalc = A° w rate ( L s* 1 ) from *h e ce N assuming no recombination, 
Qmeas = actual exit dry gas flow rate (L-s* 1 ) as measured experimentally, 

2/3 accounts for stoichiometric ratio of hydrogen and oxygen, and 

22.4 L is the volume occupied by one mole of a gas at STP. 

The instrumental error on the mass flow transducer used for gas flow measurements is estimated to 
be ± 1%. 

v. Estimation of Resistive Losses in Lead Wires to the Cell 

Resistive losses in the lead wires to the cell were calculated based on the following data: 

Platinum wire #16 AWG has a resistive loss of 0.000764 Clem' 1 at 18°CJ 91 The length of wire from 
the cell to the power supply was approximately 31 cm; therefore, total resistance was approximately 
0.024 CI. For nickel wire, #16 AWG, the resistance is given as 0.00381 Q cm* 1 . 19 ' The length of 
nickel wire used was -39 cm; therefore, the total resistance in the nickel wire is estimated to be 0.15 
Q. Power associated with these two resistances may be calculated from: 
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Which, for experiment #1, was: 

Pres = I 2 (Rpt+RNi> 

= (2.822 A) 2 x (0.024 Q+0.15 Q) 
= 1.38 W 

To minimize these losses, the platinum and nickel lead wires were replaced with #16 AWG copper 
wire. The resistance of this wire is documented as 0.000132 flcm* 1 .' 9 ! Using 39 cm of copper wire 
for each electrode with a current of 2.822 A, the total resistive losses drop to 0.082 W. Therefore, 
copper was substituted for the nickel and platinum lead wires after the first experiment. In 
experiments #4, #5, #6, and in the calibration runs CallWl and CallW2, the current never exceeded 
1 A; therefore, the resistive losses in the copper lead wire were always less than 5.15 x 10" 3 W. 

vi Estimation of Fluid Frictional Power in a Pipe 

The power loss due to the friction of the cooling water flowing in the cooling tube (Pfr) may be 
estimated, assuming the flow is laminar. Using the Hagen-Poiseuille equation for frictional head loss 
(Ap) in a circular tube: 

128 nLQ 

Assuming a 10 m long tube (L) with a 2 mm inside diameter (D) and about 10 g min" 1 pure water 
flowing inside (Q), the head loss is: 

128x10^-^x10 mxi^^l 
An = ms 60 s 

P Tix (0.002 m) 4 

= 424 Pa 



and the power is: 



P fr =QAp 

10" 5 m 3 



x 424 Pa 



60 s 
= 7.1x10 s W 

Thus, for this situation, the frictional power is negligible, 
vii Estimation of Stirring Power Loss 

Power added to the system by stirring may be estimated from the following correlations for the 
dimensionless power number (N p ):^ 10 ' v 

80 

N p = — at low Reynolds number 
= 6 at high Reynolds number 



r 
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where: 



N = rst 
P pN 3 D 5 

In this case, the impeller was 40 mm diameter (D) and rotating at 2 rev s* 1 (N) in electrolyte (p = 
1000 kg nr 3 , n = 10" 3 kg m^-s' 1 ). Thus the power added by stirring was between: 

= 80nN 2 D 3 

= 80xlO- J -^-x(2s- , ) 2 x(0.04 m) 3 
m-s 

= 2xlO" 5 W 

and: 

P, t = 6pN 3 D 5 



= 6xl0 3 ^|x(2s- J ) 3 x(0.04 m) 5 
zrSxlO^W 

Therefore, in the worst-case scenario the power added to the cell from stirring is about 5 mW. 
2. 6 Estimation of Total Power In and Total Power Out of Cell 

The total power delivered to the cell has several potential sources and may be calculated from: 

Ptot.in = Pe,in + Prec + Pfr + Pst 

where: 

Pe.in is power from voltage and current delivered to the cell, 

Prec ^ power from recombination of electrolysis gases, 

Pfr is power from the frictional pressure drop in the cooling coil, and 

P s t is power produced from the stirrer. 

The total electrical power provided to the cells is simply: 

Pe,in = IV 

and the power used for the electrolysis reaction is: 

Pelec = IV 0 

where: 

V = the total cell voltage, 

V 0 = the hydrogen/oxygen thermoneutral cell voltage (1.48 V), and 

I = the cell current in A. 

P rec , Pf r and P st are calculated as shown in Section 2.5. 
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The total output power from the cell can also be estimated: 

Ptot,out = Pcool + Pelec + ^res + Pcond 

where: 

Pcool is the portion of input power used to heat up the cooling water, 
P e l ec is the portion of input power used in electrolysis of water, 
P res is the resistive losses in the lead wires, and 

Pcond is the portion of power used to evaporate the water that is carried out (as vapor) 
with the evolved gases. 

In a similar fashion the total input energy and output energy can be defined as: 

Etot,in = E e( j n + E rec + Ef r + E s t 

and, 

Etot,out = E CO ol + E e lec + Eres + E C ond 

or: 

t 2 t 2 t 2 t 2 

EtoWn = J Pe,in * + J P rec * + J Pfr dt + j P st dt 

tj t t t x t\ 

and, 

t 2 t 2 t 2 t 2 

Etot,out = JPcool ^ + JPelec <V |P res dt + JPcond dt 
tj t x tj t x 

2. 7 System Calibration 

The cell was calibrated using a 1 ft resistor as an immersion heater. This resistor was installed on 
the electrode assembly and the cell filled with de-ionized distilled water. The resistor was connected 
to the power supply using 1 m of #16 AWG copper lead wires. The ambient temperature was set at 
37°C and the inlet power set to the desired value. After all the temperatures and process conditions 
were stabilized, the water flow rate and inlet temperature were adjusted such that the power output 
matched the power input. 

Once the power input and output were matched, the data acquisition system was reset and the 
system was monitored over an extended period of time, to determine whether there was any drift, 
offset or fluctuation in the input or output power of the system. The mean input and output power for 
7 W and 15 W calibration studies, along with standard deviations of these measurements^ are shown 
in Table 1. 

Temperature measurements were recorded during the resistance heater power calibration studies, to 
determine whether small fluctuations in the ambient temperature had any effect on the dewar 
temperature or the recorded outlet temperature. There was no significant effect of variations in the 
ambient temperature on the dewar temperature, providing the fluctuations in the ambient 
temperature were kept to a minimum. Mean temperatures with standard deviation data are listed 
in Table 1. Similar experimental data are also listed in Table 1 Tor the pump calibration and the 
mass-flow transducer calibration. 
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Table 1 - Statistical Analysis of Calibration Data 



Quantity 


Mean 


Standard Deviation 


% Error 


Input Power (7 W) 


7.35 


0.0123 


0.17 


Output Power (7 W) 


7.49 


0.1673 


2.22 


Input Power (15 W) 


14.56 


0.0391 


0.26 


Output Power (15 W) 


14.76 


0.2603 


1.78 


Pump Flow (0.12 g s" 1 ) 


0.12 


0.0004 


0.28 


Pump Flow (0.24 g s" 1 ) 


0.24 


0.0007 


0.29 


Vent Gas Flow Rate (mL mhv 1 ) 


26.53 


0.14 


0.52 



3. RESULTS 

Experiments #1.#2 and #3 

In all of these experiments, 1200 mL of 0.57 M K 2 C0 3 solution was placed in the electrolysis cell. 
The cell current was set at 0.25 A before the electrode assembly was immersed in the electrolyte, in 
accordance with the directions from Mills 1 Laboratory J 7 ' After inserting the electrode and sealing the 
cell, the current was increased to 2.822 A, to give a current density of 1.8 mA cm' 2 . The system was 
operated until the dewar temperature and outlet temperature from the copper coil surrounding the 
cell were stabilized. 

The voltage corresponding to this cell current was 4.93 V, which resulted in an input power of 
13.86 W being delivered to the cell. Of this 13.86 W, it is expected that 4.177 W would be used for 
electrolyzing water (assuming electrolysis voltage equals 1.48 V). The remainder of the power would 
be used to increase the temperature of the water circulating around the electrolysis cell m the copper 
coil. The basic energy balance data for experiments #1, 2 and 3 were computed as shown in Table 2. 

The surface area of the cathode was about 1500 cm 2 . The current density recommended by Mills was 
less than 1 mA-cm 2 , thus the recojnmended current was about 1.4 A. The actual current was 
approximately twice this value. Furthermore, Mills recommended that the cell voltage not exceed 2.5 
V. Using the cell resistance calculated from the voltage and current of experiment #1, the 
recommended input parameters were a cell current of 1.4 A, a cell voltage of 2.1 V and an input power 
of 2.94 W 



Table 2 - Data from Experiments #1, #2 and #3 



Expt. 
# 


Electrical 
Energy In 


Thermal Energy 
Out 


Total Electrolysis 
Energy 


Measured Gas 
Released 


Theoretical Gas 
Production 




(Wh) 


(Wh) 


(Wh) 


(L) 


(L) 


1 


723.6 


517.1 


212.6 


67.59 


89.80 


2 


1154.5 


685.3 


481 


184.25 


203.15 


3 


1196.7 


1203.97 









The total input energy to the cell may be calculated as follows for experiment #1: 

Etot.in = Ee.in + E rec + Ef r + E s t 

= 723.6 W h+ 52.4 W h + 0 W h + 0.26 W h 
= 776.3 W h 



Etot.out 



= E CO ol + E e !ec + E res + E con d 

= 517.1 W h + 212.6 W h + 70.25 W h + 2.91 W h 

= 802.7 W h 
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The first experiment was designed to identify potential operating problems. Recombination appeared 
to plav a significant role in the overall energy balance; therefore, it was concluded that the absolute 
quantity of gas evolved from the system should be monitored very closely, and that particular 
attention should be paid to all potential leaks. Another possible source of error was resistive losses 
in the lead wires. 

The quantity of water evaporated from the cell and adsorbed in the trap for experiment #1 was 
calculated by weighing the molecular sieve trap before and after the experiment. The mass of liquid 
adsorbed on the molecular sieve was recorded as 4.3 grams or 0.24 moles of water (which corresponds 
to a saturation temperature of about 40°C in the gas leaving the cell). The enthalpy of vaporization 
is approximately 44 kJ-mol"*. 

From the integrated data there would appear to be an overall energy gain of 26.4 W h in 
experiment #1, which would translate to approximately 0.5 W of power, or 3% of the input power. It 
is believed that, under the conditions of the experiment, this figure is within experimental error. 
According to the experiments of Mills et ai, excess power to the extent of 1 mW cm' 2 of cathode 
surface would be expected, which in this experiment would translate to 1.5 W of power or an energy of 
76.4 W h. 

In experiment #2, the reaction system was modified slightly, to minimize all potential power losses, 
ensure that there were no gas leaks and ensure that the measurement of gas evolution was indeed 
accurate. Further advice was sought from Randell Mills, of HPC, concerning operating conditions. 

Prior to beginning the second experiment, a new cathode was rolled as described in Experiment 1. 
The cathode was then soaked in K 2 COz/3% H 2 0 2 as described in section 2. The platinum wire was 
soaked in HC1, rinsed in distilled deionized water and installed in the electrode assembly. A 0.57 M 
solution (1200 mL) of K2CO3 was placed in the electrolysis cell, the current turned on at 0.25 A and 
the electrode assembly immersed in the electrolyte. Since the nickel and platinum lead wires were 
replaced with copper, the overall cell resistance was reduced; therefore, for a current of 2.822 A the 
voltage required dropped to approximately 3.5 V. Hence, the input power to the cell was in the region 
of 9.87 W. 

The surface area of the cathode was about 1500 cm 2 . The current density recommended by Mills was 
less than f mA cm' 2 , thus the recommended current was about 1.4 A. The actual current was 
approximately twice this value. Furthermore, Mills recommended that the cell voltage not exceed 2.5 
V. Using the cell resistance calculated from the voltage and current of experiment #1, the 
recommended input parameters were a cell current of 1.4 A, a cell voltage of 1.83 V and an input 
power of 2.57 W 

Approximately 9% of the expected electrolysis gas was missing, implying that this portion of gas had 
recombined. The energy associated with this recombination is calculated as 44.5 Wh. In addition, a 
small fraction of water vapor was carried from the cell in the effluent gas stream and adsorbed in the 
molecular sieve trap. The quantity of water adsorbed in the trap was calculated by weighing the 
molecular sieve trap before and after the experiment. The mass of liquid adsorbed on the molecular 
sieve was recorded as 11.7 grams or 0.65 moles of water (which corresponds to a saturation 
temperature of about 40°C in the gas leaving the cell - as in experiment #1). The energy lost from the 
system as a result of evaporation was calculated as 28.6 kJ or 7.9 W h. 

Summing up all the appropriate input terms for experiment #2: 

Etot.in = E e ,in + ^ rec + ^ fr + ^ st 

= 1154.5 W h+ 44.5 W h + 0 W-h + 0.578 W h 
= 1199.7 W h 

Similarly, the total power released from the cell, neglecting heat loss, can be obtained: 

Etot out - Ecool + E e lec + E res + E CO nd 

= 685.3 W h + 481 W h+ 9.4 W h + 7.9 W h 
= 1183.6 W h 
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The energy difference is therefore 16 W h (or 0.14 W>, or 1.4 4 *. This energy is, however, apparently 
lost from the system, and we suspect that this "loss" reflects the operating constraints of the system. 

One of the areas of concern in this type of experiment is accounting for energy added to the system 
from recombination of the electrolysis gases. One way to eliminate any uncertainty concerning 
recombination would be to recombine all of the electrolysis gas in a closed reactor, In order to do this 
another experiment was conducted identical to Experiment #2, but with a recombiner catalyst housed 
in the top portion of the electrolysis cell. The electrolysis cell was run under a slight excess of oxygen 
(2 mL min 1 ) to eliminate potential explosion hazards. 

The difference in input and output energy can be computed as before: 

Etot.in = E e ,in + E rec + E fr + E st 

= 1196.7 Wh+ OWh + 0 Wh + 0.561 Wh 
= 1197.3 W h 

Similarly, the total energy released from the cell can be obtained: 

Etot,out = Ecool + Eelec + E re s + E con d 

= 1203.97 W h + 0 W h + 9.44 W h + 0 W h 
= 1213.4 W h 

Net energy production during the recombination experiment was therefore 16.1 W h, which translates 
to 0.13 W or 1.3% of input power. This quantity of energy falls within the experimental error 
expected for this experiment. There would therefore not appear to be any real evidence for excess heat 
production in the large-scale cell as constructed and operated in this laboratory. 

On further consultation with Randell Mills, it was agreed that the cell assembly would be sent to 
HPC, where a new anode and cathode would be fitted, the cell returned to AECL and a fourth 
experiment conducted. HPC provided analysis of AECL's departures from their protocol concerning 
operating conditions necessary for the observation of excess heat in a light-water electrolytic cell: 

1. The cathode should not be electrolyzed above 2.5 V nor 1 amp current. 

2. Rigorous cleaning steps as described in Section 2 should be conducted. 

3. Back pressure in the cell must be avoided at all costs: at a partial pressure of 0.1 atm 
hydrino molecules, the catalytic reaction reaches equilibrium. Further tests with open cells 
demonstrated the higher the back pressure on an open cell, the less excess heat was 

observed for that cell. 
* 

These points were noted and the experimental system modified accordingly. 
Experiments #4. #5 and #6 

The electrodes were assembled at HPC using the AECL electrode holder. The cathode was 
constructed from three 30.76 m lengths of 0.38 mm nickel (Alfa Chemicals); the 1.5 mm diameter 
platinum wire anode was that of experiments #1, #2 and #3. The surface area of the cathode was 
1 101.4 cm 2 . To ensure that the conditions of the experiment were adhered to, the cell voltage was 
set at 2.4 V. With this voltage the current never exceed 1 A. Assuming no excess power generation, 
the actual power expected was in the region of 1 W. In order to detect this relatively small amount of 
power, the cooling water flow rate was reduced significantly, to ensure that the temperature change of 
the cooling water was high enough to be recorded accurately. 

According to HPC, this electrode system was expected to produce a maximum of 1 mW cm 2 of the 
cathode which carried a current of approximately I mA-cnV 2 . The cathode surface area was 1100 cm* 
and it was estimated that approximately half was exposed to the electrolyte. Thus, the predicted 
excess power was approximately 0.25 W which, with this experimental arrangement, would amount 
to 25% excess power. 

Experiment #4 was an open cell, whereas in experiments #5 and #6, the cell used for experiment #4 
was tltU'd with tht* s:um- rtrombinor catalyst used in experiment #3 These two experiments were 
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then run in the same way as experiment #3, except that in experiment #6 the water cooling was 
turned off and the run was quite short. 



Calibration Runs 

At the end of experiment #6, the power was turned off, but the experiment was allowed to continue in 
order to study the transfer of heat between the dewar and the surroundings. Following this, two low- 
power calibration tests were performed with a 1 Q resistor arranged in the same way as the previous 
calibrations. In addition, a number of different heat transfer tests were done on the dewar. (These 
calibration runs were clearly desirable for an experimental setup that was designed for power 
measurements in the 10 W range, but was now being used for experiments in the 1 W range.) 

The following tables (Table 3a, 3b and 3c) lists the experimental sequence of events for the last two 
experiments and the two calibration runs. The data in Tables 3b and 3c were obtained by averaging 
10 readings starting at the times indicated. 



Table 3a - Procedure for Experiments #5 and #6 and Calibrations #1 and #2 



Experiment 
number 


Date started 


Duration 
(h) 


Experiment 
duration (min) 


Procedure description 


5a 


July 26 


42 


2520 


Power and cooling on 


5b 


July 28 


31 


4380 




6a 


July 29 


48 


2880 


Water cooling off 


6b 


July 31 


24 


4320 


Power and cooling off 


6c 


August 1 


23 


5700 


Oxygen flow off, mercury thermometer 
installed 


Cal 1W1 


August 4 


40 


2400 


Cooling and power on 


Cal lW2a 


August 6 


29 


1740 


Power on. cooling off 


Ca! lW2b 


August 7 


41 


4200 


Power and cooling off 



Table 3b - Test results for Experiments #5 and #6 



Experiment # 


5a 


5b 


6a 


6b 


6 


c 


Date 


7/26 


7/28 


7/28 


7/29 


7/29 


7/31 


7/31 


8/1 


8/1 


8/2 


Time 


1405 


0805 


0805 


1447 


1605 


1603 


1608 


1606 


1606 


1525 


Voltage (V) 


2.29 


2.34 


2.34 


2.34 


2.34 


2.34 


0 


0 


0 


0 


Current (A) 


0.706 


0.376 


0.376 


0.329 


0.329 


0.329 


0 


0 


0 


0 


Power (W) 


1.62 


0.88 


0.88 


0.77 


0.77 


0.77 


0 


0 


0 


0 


Tdewar 


35.54 


36.53 


36.53 


36.68 


36.78 


37.29 


37.29 


36.86 


36.86 


36.92 


AT d ewar <°C) 




0.99 




0.15 




0.51 




-0.43 




0.06 


^ambient (°0 


35.76 


35.77 


35.77 


35.78 


35.37 


35.12 


35.13 


35.27 


35.27 


35.17 


^controller 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


Tmercury 
















36.9 


36.9 


36.9 


E e ,in (W h) 


0.14 


50.56 


0 


23.69 


0.06 


37.06 


0 


0 


0 


0 


Ecool (W h) 


0.13 


54.28 


0 


23.34 


0 


0 


0 


0 


0 


0 


Ecool Ee.in (W-h) 




3.73 




-0.35 




-37.0 




0 




0 
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Table 3b - Test results for Calibrations #1 and #2 



Fix Deri men t # 


Cal 1W1 


Cal lW2a 


Cal 1 


W2b 


Date 


8/4 


8/6 


8/6 


8/7 


8/7 


8/9 


Time 


1601 


0800 


0903 


1403 


1459 


0759 


Voltaee (V) 


0.996 


0.996 


0.998 


0.991 


0 


0 


Current (A) 


0.988 


0.988 


0.988 


0.988 


0 


0 


Power (W) 


0.98 


0.98 


0.99 


o.yo 




o 


A dewar I ^' 


35.07 


35.46 


35.65 


37.09 


37.08 


36.84 






0.39 




1.44 




-0.24 


Tambient (°C) 


35.23 


35.20 


35.18 


34.87 


34.88 


35.01 


Tcontroller (°C) 


36.0 


36.0 


36.0 


36.0 


36.0 


36.0 


T mercury (°C) 


36.9 


36.9 


36.9 


36.7 


36.7 


36.9 


E e jn (W h) 


0.1 


39.44 


0.08 


29.39 


0 


0 


Ecool (W h) 


0.1 


40.88 


0 


0 


0 


0 


Ecool-Ee.in CW-h) 




1.44 




-29.4 




0 



During experiment #5a the ceU resistance was increasing, so that the input current decreased from 
0 71 A to 0.38 A (power went from 1.62 W to 0.88 W). The power was constant through most of 
experiment #5b and all through experiment #6a. At the beginning of experiment #6c a mercury 
thermometer was placed in the enclosure on top of the dewar in order to check the enclosure ambient 
temperature. From this time until the end of the calibrations the temperature indicated by this 
thermometer was 36.810. 1°C. 

Following the method used for experiments #1 to #3, the results for experiments #4 to #6 are given in 
Table 4. 

Table 4 - Data from Experiments #4, #5 and #6 



Expt. 
# 


Electrical 
Energy In 
Ee.in 
(W-h) 


Thermal 
Energy Out 
Ecool 
(Wh) 


Electrolysis 
Energy 
Eelec 
(Wh) 


Measured 

Gas 
Released 

(L) 


Theoretical 

Gas 
Production 

(L) 


Calculated 
Recombination 
Energy Erec 
(Wh) 


4 


142.7 


65.4 


87.1 


21.8 


36.8 


35.3 


5 


74.0 


77.4 


47.2 






47.2 


6 


36.7 


0 


23.2 






23.2 



(Note that in experiment #6 no heat was possible because the heat exchanger had been turned off. 
The cell temperature increased 0.51°C) 

After studying the results of the last two experiments and the calibration runs, two new terms in the 
overall energy balance were introduced. The first term (E) oss ) allowed for the energy that would leak 
through the dewar walls and lid due to the small difference between the temperature inside and 
outside the dewar. The second term (E cap ) was to account for the storage of heat in the dewar 
contents (heat transfer fluid and the complete cell), given the difference in temperature in the dewar 
between the start and end of a run. The terms can be denned: 



Ploss - U(Td ew ar " Tambient) 



Ecap = Cp dewar^end " ^start) 
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where: 



U = overall heat transfer coefficient of the dewar (W K" 1 ) 

Cp.dewar = specific heat of the dewar contents (Wh K 1 ) 

The total energy output is thus given by: 

E tot,out = E cool + E elec + E loss + E cap 



The value of C p dewar was estimated to be at least 17.4 W h K" 1 , based on the fact that the dewar 
had a volume ofabout 15 L, which, if filled only with water, would give this heat capacity. Given the 
different materials in the cell and the inner walls of the dewar, a best estimate of the heat capacity of 
the dewar contents was put at about 20 W h K" 1 . The heat transfer coefficient was estimated from 
literature data for typical vacuum insulated containers to be between 0.05 and 0.1 W K 1 , although 
this was expected to be on the low side, because the lid was not tightly sealed. 

A number of calibration runs were done to try to determine the values of these two parameters. A 
number of cooling curves were obtained and from these, coupled with all the other evidence, it was 
clear that the estimate of the dewar heat capacity was reasonable. However, the heat transfer 
coefficient was obviously incorrect. 

During the calibrations, a check was made of the precision and accuracy of the thermocouples. These 
were found to be very good, giving temperatures within about ±0.1 K. However, the ambient 
temperature was determined at the board used for the thermocouple junctions, and during the 
calibrations this.was found to be low by anything up to 2 K. The temperature reading of the 
enclosure controller was found to be approximately 0.8 K below the actual ambient temperature 
measured by a calibrated mercury-in-glass thermometer placed close to the lid of the dewar, and this 
value 'did not vary by more than 0.2 K over the course of the calibration runs (about five days). 

A preliminary analysis of the results for experiment #5a was made with the aid of the results of 
calibration Cal 1W1, since the two runs had approximately the same duration. During this 
calibration run, the dewar temperature rose by 0.39 K. Given that there was no electrolysis and the 
output energy must be equal to the input energy, an energy balance for this situation is thus: 

E loss = E e,in _ E cool ~ E cap 

= 39.44 - 40.88 - 20x0.39 W h 
= -9.24 W h 

Given that in experiment #5a the measured dewar temperature was always above the dewar 
temperature in calibration Cal 1W1, the value -9.24 W h represents a conservative estimate of the 
energy loss for experiment #5a as long as the ambient temperature was the same for both runs. In 
this case the energy balance can be calculated: 

E tot,out = E cool + E elec + E loss + E cap 

= 54.15 + 0.0 - 9.24 + 20x0.99 W h . 

E tot,in = E e.in + E rec 

= 50.56 + 0.0 W h 

E ex = E tot,out "" E tot,in 

= 54.15 - 9.24 + 20x0.99 - 50.56 W h 
= 14.15 Wh 



This excess heat ofabout 14 Wh is equivalent to 28% of the input energy. 



PROTECTED - Propriety iPRI 



17 



RC-1163 
DRAFT Rev. 2 



Mathematical Modeling 

The above method of analysis includes the assumptions that the ambient temperature and the heat 
transfer coefficient remained the same through the series of experiments and calibrations. Useful 
information may be gained by studying the temperature of the system as the power input and cooling 
were changed. A more powerful means of analyzing the data was to model the system using all the 
major energy terms (neglecting frictional energy, stirring energy, evaporative enthalpy and lead-wire 
resistance) as a function of time. The model thus estimated the temperature of the dewar contents as 
a function of time with the fitted parameters U, C p> dewan T start and AT a , e - or T ayi >. The fitting was 
done using a least-squares method comparing the measured dewar temperature with the calculated 
dewar temperature The following assumptions were made: 

• U is independent of temperature 

• C p?dewar , is 20 W-h-K" 1 , and 
either: 

• The ambient temperature recorded at the junction board (Tambient) wa s m error by the 
constant amount &T a>e . The effective ambient temperature (T a>e ) is thus T am bient + AT a>e , 

• The ambient temperature was constant and equal to T aje - 

The two models represent some conjectures as to what was most strongly influencing the heat loss 
from the dewar. The constant ambient temperature model goes on the assumption that the enclosure 
temperature controller was doing its job. The constant error in ambient temperature model assumes 
that the ambient temperature measurement was still following the enclosure temperature, but was 
being influenced by some heat source such as the nearby enclosure wall or radiant heat from the 
enclosure heaters. 



Put in its differential form, the model is: 



Since the model was integrated numerically, it was first converted to the following difference form: 



and the integration was done using rectangular integration, because the time intervals were so short 
relative to the rate of change of the measured variables. 

The advantage of this model becomes clear after looking at the form of the last equation and noting 
that the only term that depends on temperature is the heat transfer term (E loss ). The significance of 
this is that the heat transfer term is the only one which will produce a curve in the dewar 
temperature/time function. Thus, in all the runs (both experiments and calibrations) where there is 
significant curvature in the dewar temperature, the heat transfer coefficient U can be estimated from 
the shape of the curve independently of other effects. This, of course, presumes that the excess heat 
predicted by Mills is not a significant function of temperature (over, at most, 3 K). Note also, however, 
that the actual estimate of U is somewhat influenced by the estimate of the ambient temperature. 





P e tn At + P fCC At - P cool At - P elcc At - U(T_ - T M )At 



The model can be judged first on how well the modeled dewar temperature matched the measured 
dewar temperature over the course of a run, and then (most importantly) on whether the parameters 
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were consistent from run to run and consistent with the estimates. Table 5 summarizes the results 
of the modeling of the calibration runs (including an earlier, higher-power run) and reports the fitted 
values of heat transfer coefficient and effective ambient temperature or error in ambient temperature. 
The term called Standard Error is the square root of the sum of the squares of the differences between 
the modeled dewar temperature and the measured dewar temperature divided by the number of time 
intervals in the run. The term E net is defined in the same way as E ex (= E tot out - E tot in ). 

Table 5a - Model Fitting Results for Constant Error in Ambient Temperature 



Run 


Time 
(h) 


Energy in 
(Wh) 


(K) 


U 

(WK 1 ) 


E loss 
(Wh) 


Standard 
Error (K) 


E net 
(Wh) 


Cal 1W1 


40.4 


39.8 


0.28 


1.60 


-9.35 


0.060 


-0.43 


Cal 1W2 


71.5 


28.9 


1.80 


1.65 


4.82 


0.071 


-1.30 


Cal 15W 


26.2 


382.0 


0.55 


1.46 


7.29 


0.068 


-1.54 



Table 5b - Model Pitting Results for Constant Ambient Temperature 



Run 


Time 
(h) 


Energy in 
(Wh) 


Ta,e 
(°C) 


U 

(WK 1 ) 


E loss 
(Wh) 


Standard 
Error (K) 


E net 
(Wh) 


Cal 1W1 


40.4 


39.8 


35.49 


1.82 


-9.75 


0.060 


-0.84 


Cal 1W2 


71.5 


28.9 


36.72 


1.37 


7.73 


0.095 


1.61 


Cal 15W 


26.2 


382.0 


38.08 


1.51 


-25.92 


0.140 


-8.78 



The figures given in the Appendix (Figures Al to A6) present the results of the modeling for the 
calibration runs, showing the match between measured and calculated dewar temperature. From the 
standard errors in Tables 5a and 5b and from Figures Al to A6, it is clear that the constant error in 
ambient temperature model is much more consistent with the experimental results. This model was 
therefore selected to perform the analysis of the experiments. Another reasonable assumption is that 
the heat transfer coefficient is constant. While some reservations might be held about the possible 
variation in U because of the way the top of the dewar may be placed from run to run, with such high 
values of U as are given in Tables 5a and 5b, it is expected that the dewar must have lost its vacuum 
and therefore the dewar walls must be the main area of heat loss compared with the 50 mm thick 
polystyrene top. The best value to assume for U would appear to be 1.46 W K 1 since this was 
calculated for the higher power run where errors are expected to be less. 

A slightly troubling result of the modeling is the low ambient temperature during calibration run 
Cal 1W1. If we believe the temperature shown by the mercury thermometer represents the true 
effective ambient temperature, then T 3t e is low by at least 1.2°C. If, conversely, the ambient 
temperature is fixed at 36.7°C, then the best fit for the heat transfer coefficient is found to be 
0.15 W K' 1 and the standard error is 0.075 K. For comparison, Figure A2a shows the result of this 
set of parameters. Clearly, the fit is poor and the value of the heat transfer coefficient is too low to be 
credible. 

In order to look at the experiments, two approaches could be taken. The first is to repeat the 
modeling following the method used for the calibration runs and look at the parameters which are 
fitted to see if they are reasonable. The second approach might be to modify the model slightly to 
allow for another parameter, namely E ex with the simple assumption that P ex would be constant 
over an experiment The modification would be simply: 



1 P... dt + ] P (W dt + ] -P cod dt + J -P elcc dt + j -Ud^ - T M ) dt + j P„ 



dt 



= T 



j i 
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and thus: 

, P c ., ^ + P, ec At - P roo ,At - P elet At - U(T^ a - T M )At + P„ At 

* dcvar . t - it dewar. I p 

Using the first approach, we can assume that the ambient temperature error is constant over the 
entire experiment, i.e. it is not necessary to divide the experiments into #5a and #5b, or #6a, #6b and 
#6c. Table 6a presents the results of this model. 

Table 6a - Model without 



Run 


Time 
(h) 


Energy in 
(Wh) 


AT a>e 
(K) 


U 

(WK 1 ) 


E loss 
(Wh) 


Standard 
Error (K) 


E net 
(Wh) 


Expt #4 


93.6 


142.7 


1.21 


1.46 


0.9 


0.086 


0.2 


Expt #5 


73.0 


74.0 


0.91 


1.46 


-28.0 


0.064 


-0.8 


Expt #6 


93.4 


36.7 


1.70 


1.46 


38.7 


0.089 


3.5 



Table 6b gives the results of the model with P ex included. 



Table 6b - Models with P a 



Run 


Time 
(h) 


Energy in 
(Wh) 


AT a>e 
(K) 


U 

(WK 1 ) 


Eloss 
(Wh) 


Standard 
Error (K) 


Eex 
(Wh) 


E net 
(Wh) 


Expt #4 


93.6 


142.7 


1.07 


1.46 


20.0 


0.086 


19.2 


0.2 


Expt #5 


73.0 


74.0 


0.82 


1.46 


-18.1 


0.064 


9.9 


-0.8 


Expt #6 


93.4 


36.7 


1.65 


1.46 


44.8 


0.078 


6.0 


3.5 



In this model the excess energy term was found to be between 10% and 15% of the input energy. 
Figures are included in the Appendix showing the measured and predicted dewar temperature for all 
the above cases (Figures A7 to A12). There is clearly a better fit for experiment #6 when the excess 
heat term is included. 



Table 7 summarizes the results of the energy balances, showing that E net is within ±5% of the input 
electrical energy, except for run #6. The difficulty however, lies in deciding whether the model 
parameters are reasonable and whether there is any way to choose between the two models. 



Table 7 - Overall Energy Balance Terms 



Run 


" E e,in 
(Wh) 


-E rec 
(Wh) 


E CO ol 

(Wh) 


Eelec 
(Wh) 


Eloss 
(Wh) ' 


Ecap 
(Wh) 


E e x 
(Wh) 


Enet 
(Wh) 


Expt #4 


-142.7 


-35.3 


65.4 


87.1 


0.9 


24.9 




-0.4 


Expt #5 


-74.0 


-47.2 


77.4 


47.2 


-28.0 


23.8 




-0.7 


Expt #6 


-36.7 


-23.2 


0 


23.2 


38.7 


1.4 




3.2 


Expt #4 


-142.7 


-35.3 


65.4 


87.1 


20.0 


24.9 


19.2 


-0.4 


Expt #5 


-74.0 


-47.2 


77.4 


47.2 


-18.1 


23.8 


9.9 


-0.7 


Expt #6 


-36.7 


-23.2 


0 


23.2 


44.8 


1.4 


6.0 


3.2 
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4. DISCUSSION 

In the higher power experiments (#1, #2 and #3), no net excess or deficit energy was observed greater 
than experimental error. According to Mills, this result was consistent with operation at currents and 
voltages substantially higher than 1 mA cra' 2 and 2.5 V. The lower power experiments were done 
within the recommended current density and voltage, and according to Mills the expected excess heat 
would be about 0.25 W. Various methods of analysis were applied to the results of experiments #4, 
#5 and #6. Some of these analyses indicated possible excess heat at approximately this level. 

'In experiments #4, #5 and #6, an effort was made to model the results in a consistent manner to 
account for the observations. The parameters that were used in the models were chosen because they 
were either unknown or appeared to be measured incorrectly. However, they were not expected to 
vary widely or completely randomly. In all models the ambient temperature correction was not very 
consistent. This variation may well be related to the total heat load on the system enclosure 
temperature control system. The effective ambient temperature was not consistent either (and the 
corresponding model was consequently not used to analyze the experiments), even though the 
temperature controller for the enclosure was absolutely steady (apparently), as was the thermometer 
that was placed in the enclosure during experiment #6c (at least within 0.2 K). 

It seemed reasonable to assume a constant value of U from the results of the higher power calibration 
and use this for all analyses. However, this would only be valid if the heat transfer is just through 
the dewar walls. If significant heat transfer occurs through the lid, the value of U would change each 
time the lid was removed and replaced. 

It is instructive and revealing to consider the sensitivity of the results to the different parameters 
used in the modeling. The most critical is the ambient temperature estimate. If we take an average 
heat transfer coefficient of say 1.5 W K* 1 and an average experiment duration of 60 hours, then a 
0.1 K error in the ambient temperature corresponds to an error of 9 W h in the heat loss term, which 
is approximately equal to the magnitude of the expected excess heat. It is unlikely that any of our 
temperature measurement were within this level of accuracy and it was unfortunate that the dewar 
had such poor insulating properties. 

In fact the above calculation for the sensitivity of the heat loss to the ambient temperature also 
applies to the temperature inside the dewar. It is very likely that in the unstirred dewar, there would 
have been significant temperature gradients, especially top-to-bottom. It would be reasonable to 
assume that such temperature gradients in the dewar during calibration runs would be quite 
different from the gradients during closed cell operation with the recombiner. More than half the heat 
in experiments #5 and #6 was released to the dewar contents in the top of the cell where the 
recombiner was placed. In other cases, calibrations or open cell operation, all or most of the heat is 
released through the electrolyte in the lower part of the cell. There is no obvious way to deduce the 
magnitude of the temperature gradients from the results presented here. 

Both the temperature inside the dewar. and the ambient temperature were point measurements. 
Total heat loss from the dewar depends on the heat lost from all parts of the dewar surface and 
therefore is affected by the any temperature profiles either inside or outside. Point measurements 
can, at best, only be an indication of the average temperature. The modeling is an attempt, with only 
limited success, at finding an effective ambient temperature which is consistent with the measured 
temperature-time function in the dewar. Stirring the dewar contents, circulating the ambient air and 
using non-radiant heat in the enclosure would have significantly improved the representativeness of 
the point temperature measurements. 

In experiment #4 an open cell was used and the off gases vented through a mass-flow transducer. 
With the low-voltage experiments the off-gases were typically evolved at a rate of 3 mL min 
(compared to a flow rate of 26 mL min ! in the higher voltage experiments). At low flow rates, the 
absolute accuracy of the mass-flow transducer used was a source of some concern, but from the data 
we have there would appear to be a higher recombination rate in experiment #4 than in experiments 
#1 and #2. This fits with the expected mechanism for recombination, which is the reaction between 
each of the gases with nascent gas bubbles at the opposite electrode — especially at the anode, which 
was made of the highly catalytically active material, platinum. Recombination is strongly promoted 
by stirring the electrolyte, as was done in these experiments. If, however, it is assumed that none of 
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the electrolysis gases recombine, the energy balance for this experiment (see Table 7) seems to 
indicate that up to 54.5 Wh of excess heat was produced (35.3 W-h + 19.2 Wh). This figure 
corresponds to 387c of the electrical input energy and agrees with the amount predicted by Mills. 

A major part of this work was the development of a model to simulate the heat transfer 
characteristics of the calorimeter. The model, which includes the thermal capacity of the dewar 
contents and the heat exchange through the dewar walls and top, was reasonably successful in 
closing the energy balance except for experiment #6. Assuming a constant ambient temperature of 
36.70°C, the results of experiment #6 would indicate about 14 Wh of excess heat produced. This 
figure corresponds to 38% of the electrical input energy. This result agrees with the amount predicted 
by Mills. 

Experiments #4, #5 and #6 stretched the capabilities of the experimental system to the limit. Any 
further work in this area would require more sensitive and accurate temperature-measuring devices, 
and a considerably more efficient dewar. 
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Figure Al - Dewar Temperature Modelling in Calibration CallWl 
using Constant Error in Ambient Temperature 
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Figure A2 - Dewar Temperature Modelling in Calibration Call Wl 
using Constant Ambient Temperature 
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Figure A2a - Dewar Temperature Modelling in Calibration CallWl 
using Ambient Temperature set to 36.7°C 
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Figure A3 - Dewar Temperature Modelling in Calibration CallW2 
using Constant Error in Ambient Temperature 
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Figure A4 - Dewar Temperature Modelling in Calibration CallW2 
using Constant Ambient Temperature 



PROTECTED - Propriety IPRI 



Ar6 



RC-1163 
Rev. 2 



38 




36.6 ~ : — ~ 

0 200 400 600 800 1000 1200 1400 1600 1800 

Time (min) 



Figure A5 - Dewar Temperature Modelling in Calibration CallSW 
using Constant Error in Ambient Temperature 
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Figure A6 - Dewar Temperature Modelling in Calibration CallSW 
using Constant Ambient Temperature 
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Figure A7 - Dewar Temperature Modelling in Experiment #4 
using Constant Error in Ambient Temperature and Pex=0 
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Figure A8 - Dewar Temperature Modelling in Experiment #4 
using Constant Error in Ambient Temperature and Pes^O 
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Figure A9 - Dewar Temperature Modelling in Experiment #5 
using Constant Error in Ambient Temperature and Pex=0 
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Figure A10 - Dewar Temperature Modelling in Experiment #5 
using Constant Error in Ambient Temperature and Per^ 
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Figure Al 1 - Dewar Temperature Modelling in Experiment #6 
using Constant Error in Ambient Temperature and Pex=0 
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Figure A12 - Dewar Temperature Modelling in Experiment #6 
using Constant Error in Ambient Temperature and Pez*0 



In re Application of 
MILLS 

Appl. No. 07/825, 845 
Piled: 

For: ENERGY/MATTER CONVERSION 
METHODS AND STRUCTURES 



The Hon. Commissioner of Patents 

and Trademarks 
Washington, DC 20231 

Sir; 

Sergei B.Nesterov, residing at 4-12 Remizova st. Moscow, 
Russia, 113186 declares and states that: 

1 . 1 received a Bachelor of Science degree in cryophysics 
engineering (physics and technology of low temperatures) , Moscow 
Power Engineering Institute ( MPEI), 1980. 

2. In 1980- 31 I worked as an 'engineer at Cryogenics Department 
MTEI, participating in development of elements of the thermal 
management of space crafts a) heat pipes; b) thermal ^radiator. 

3- PhD degree in nuclear fusion products pumping, MTEI, 1985- 
Since 1989 I am an associate professor at MPEI Cryogenics 
Department. 

4. In 1982-83 I participated in developing of systems of fusion 
reaction products pumping and regeneration. 



5. I am currently the Head of MPEI Cryogenics Center and the 
senior manager responsible for creating a model of pumping block 
of nuclear fusion products for ITER project (International 
Thermonuclear Engineering Reactor). 

My current work includes also development of technology for 
protective coverings, creation of highly effective systems for 
purification of sewage. 

6. I am the author and co-author of numerous technical reports and 
papers, of which selected publications are shown in the 
attachment . 



Alexei P.Kryukov, residing at 11/2-63 

Sadovaya-Chernogryazskaya st., Moscow, Russia 103064 declares and 
states that: 

1 . I received a Bachelor of Science degree in industrial heat 
power from MPEI in 1972. 

2. I received a PhD degree in heat transfer, MPEI, 1977. 
Postdoctorial - DSc(Eng) - MPEI, 1990 , Molecular ^Physics . >> 

3- I am currently a Professor in Cryogenics Department, MPEI, and 
also a senior scientist in fundamental research of transport 
processes on the interphase gas-condensate. 

4. In 1976-79 together with Professor Labuntsov (MTEI) we 

f love loped an approximate method of :.; I.rong evaporation and 



condensation iilysis. Based on the pri iples of the molecular 
kinetic theory, simple formulae were suggested for engineering 
practice. These formulae are valid at subsonic vapour velocities. 
A comparison of the calculation results with the experimental data 
of Niknejad and Rose ( see: Niknejad J. and Rose J.W. in 
Proo . Royal Soc . London . 1 981 Vol . 378 . P . 305-327 ; Kosasie A.K. and 
Rose in Proc. 7-th ASME National Heat Transfer Conference 
San-Diego, USA, 1992 ) on strong condensation of mercury showed a 
good agreement. In 1986 Pong L. and Moses G.A. generalized method 
used by Dr. Labun t sov and me to the problem of strong 
condensation in the presence of a noncondensable gas (see: Pong L. 
and Moses G.A. in Phys. Fluids, 1986. Vol. 29. No. 6P. 1796- 1804). 

In 1987 an accurate analysis of heat -mass transfer on vapour- 
liquid interphase at the reflection of sound wave on this surface 
was made by me and Dr. Labun t so v. It was shown that for liquid 
metal and superfluid helium the sound reflection coefficient was 
very small. As a result a large part of sound energy incoming to 
interphase was converted into heat on this surface. 

In 1983-1991 I studied the processes of evaporation and 
condensation on the base of the Boltzmann equation solutions. Some 
theoretical results for supersonic condensation were confirmed by 
my own experimental data at cryogenic temperatures. [ 

5. My previous work includes research and development of 
oryovacuum means for helium and hydrogen isotopes pumping. I also 
studied processes of heat transfer in superfluid helium. As a 
co-author of Steve Van Sciver (USA) I theoretically received a 
value of the recovery heat flux from boiling in superfluid helium 



6. I am the author and co-author of numeiv-jb scientific papers and 
technical reports, of which selected publications are shown in 
the attachment. _ 



Sergei B.Nesterov and Alexei P.Kryukov together deolare and state 
that: 

1 . We have reviewed and understand the concept covered by the 
subject U.S. application No. 07/825, 845 of Dr.Randell L.Mills and 
we are personally familiar with the methods and apparatus 
disclosed therein. 

2. We ( hereinafter MPEI ) have conducted independent experiments 
on nominally identical apparatus to that made by Dr. Randell Mills 
( hereinafter HPC ) to check HPC's method and results, since July 
of 1992. 

3. MFEI's experiments show 0.75 watts of heat output with only 0.3 
watts of heat input. Excess energy on the order" of 0.45 watte has 
been produced reliably and continuously over the last three 
months. Scintillation counter measurments show no signs of 
radiation external to the cell. 



DESCRIPTION OP THE MPEI CELL 



The MPEI experimental cells were assembled comprising a 1000 ml 
silvered vacuum jacketed dewar with a 10 cm opening. The cathode 
was a 7-5 cm wide by 5 cm long by 0.125 mm thick nickel foil 
(Aldrich 99-9 %, cold roll, clean Ni ) spiral of 9 mm diameter 



by tightly ro.i Z-ing the nickel foil about -\ 9 mm rod. The rod was 
removed. The leads were inserted into glass tubes to insure that 
no recombination of the evolving gases occurred. The anode was a 
platinized titanium ( Engelhard Pt/Ti mesh 2 by 2 inches ) covered 
with 100 [l platinum series 3000 ). The cathode and anode cables 
were connected to terminals bolted to the cell lid. The lid was 
made of resin glass. A foam plastic disk was set under the lid to 
lessen heat losses. The disk was 1 cm thick covered by film foil. 
See Figure 1 . 

Before assembly, the anode array was cleaned in 3 M HC1 for 5 
minutes and rinsed with distilled water. The cathode was rinsed 
with distilled water. 

The electrolyte solution comprised 1 liter of 0.57 M K2C03 (Alfa 
K2C03 93% ). 

The heater comprised a 6.6 ohm Nichrome wire. It was inserted into 
the glass jacket and suspended with Teflon covered leads. 
It was powered by an Invar oonstant power ( +0.1% ) supply (Model 
B-5-49 ) . The heater resistence was measured by means of 
calibration resistor.. The current (± 0.1%) was recorded with 
amperemeter M 903. The electrolysis current (± 0.1%) was measured 
by amperemeter M 903- 

T.he temperature (i 0.1 U C) wac recorded with a microcomputer 
thermometer (MTEI). To provide tempetature control copper 
constantan thermocouples were used. 

The temperature ( AT = T (electrolysis only)- T (ambient)) and the 
electrolysis power were recorded regularly. The heating 
coefficient was determined "on the fly" by the addition of heater 
power at 72 hour increments where 24 hours were allowed for steady 
state to be achieved- The temperature AT2 = T( electrolysis + 
heater)- T (ambient) was recorded as well as the 
electrolysis power. The ambient temperature was measured from a 



blank cell '../at comprised a closed 'liter silvered vacuum 
jacketed dewar containing 1 liter of H20 placed near the 
electrolysis cell. 

The electrolyte solution was stirred by a 0.7 cm open prolate 
spheroid magnetic stirring bar which was spun by a mixing 
motor made in Czechoslovakia. 
Figure 2 shows the electrolysis cell on test. 



RESULTS 

A heat balance of the cell is shown in Figure 3; some of MFEI 
results are shown in Table 1 .From Table 1 it is clear that by 
growth of electrolyte temperature due to the increase of load of 
thn additional heater electrolysis current grows at constant 
voltage of 3 V. Calculation method for 0.45 watts of excess power 
is represented graphically in Figure 4. 

The theory that led to the discovery of this electrolytic process 
was developed by Dr. Randell Mills, HPC f Lancaster, Fennsylvania. 
This theory is covered by a patent application entitled 
"Energy /Matter Conversion Methods and Structure 11 , and is described 
in the Fusion Technology article "Excess Heat Production by the 
Electrolysis of an Aqueous Potassium Carbonate Electrolyte and the 
Implications for Cold Fusion" by Dr. Mills and S.Kneizys, the 
article entitled "A Unified Theory Derived from Firsfc Principles" 
(submitted to the Physical Review for publication by Dr. Mills and 
W.Good), the article entitled "Two Electron Atoms and Elastic 
Electron Scattering by Helium" (submitted to Physical Review for 
publication by Dr. Mills) and the books entitled "The Grand Unified 
Theory", by Dr. Mills and Dr. J.Farrell, "Unification of spaoetime, 
the forces, matter and energy" by R.Mills. 



Under the MiJ " ~\ theory the predominant *rce of heat is believed 
to be an electrocatalytically induced reaction whereby hydrogen 
atoms undergo transitions to quantized energy levels of lower 
energy than the conventional "ground state". These lower energy 
states correspond to fractional quantum numbers. The hydrogen 
electronic transition requires the presence of an energy hole of 
approximately 27.2 eV provided by electrocatalytic reaotant(s) 
(such as PD 2+ /Li+ f Ti 2+ , or K+/K+), and results in "shrunken 
atoms" analogous to muonio atoms. Calorimetry of continuous 
electrolysis of aqueous potassium carbonate (K+/K+ 
electrocatalytic couple) at a nickel cathode was performed in the 
calorimetry cells. Total power out exceeded total input power by a 
factor of 2.5 as described, above. 
MP EI tests results are summarized as follows: 

1 . Evaluation of the electrolyte after three months operation 
shows no significant change in its density and molar 
concentration. 

2. The cell was diaassembled and inspected after over one month of 
operation at 0.1 amper. This inspection showed no visible signs of 
a reaction between the electrodes and electrolyte. The cell was 
re -assembled and is operating as before, producing excess heat for 
three months. 

3. Measurements of neutrons were not considered necessary since 

light water is used in place of deuterium. A scintillation counter 

i 

was placed next to the cell. No radiation levels above background 
were detected indicating that nuclear reactions are not involved . 

4. Water makeup rates match the Faraday usage plus evaporation. 

We declare further that all statements made herein of our own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements 



and the like / made are punishable by ie or imprisonment , or 
both, under Section 1001 or Title 18 of the United States Code and 
that such willful false statements may jeopardize validity of the 
application or any patent issuing thereon. 
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Figure 1 . CELL ASSEMBLY 
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Figure 2. ELECTROLYTIC CELLS ON TEST 



Figure 3. CELL IfEAT BALANCE 
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TABLE 1 . Summary of MPEI Test Results 
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Abstract 

HydroCatalysis Power Corporation (HPC) has an extensive 
theoretical and experimental research program of producing energy 
from light-water electrolytic cells. HPC and Thermacore Inc, 
Lancaster, PA are cooperating in .developing a commercial product. 
(Thermacore is a well respected defense contractor and its expertise 
is in the field of heat transfer). Presently, all of the demonstration 
cells of HPC and Thermacore produce excess power immediately and 
continuously. Cells producing 50 watts of excess power and greater 
have been in operation for more than one year. Some cells can 
produce 10 times more heat power than the total electrical power 
input to the cell. A steam-producing prototype cell has been 
successfully tested. The source of excess energy is not from fusion 
or other nuclear reactions. Energy is released in a catalytic process 
whereby the electron of the hydrogen atom is induced to undergo a 
transition to a lower electronic energy level than the "ground state" 
as defined by the usual model of the atom. The lower energy states of 
hydrogen have been identified in nature. HPC and Thermacore are 
conducting other experiments to demonstrate that this lower-energy 
form of hydrogen is the "ash" of heat producing cells. A summary of 
the technology follows: 

HydroCatalysis Technology 

-HydroCatalysis technology is an almost unlimited source of 
energy released from the hydrogen in ordinary water. An electric 
current is passed through water to generate hydrogen atoms. Ions 
present in the reaction vessel induce the electrons to go to energy 
levels lower than the "ground state", and heat energy is released. 
Many of the theoretical and practical aspects have been solved. The 
theory is published in a book entitled " Unification of Spacetime. the 
Forces. Matter, and Energy " (Randell L. Mills, Science Press, 1992). 
The book gives equations, derived from first principles, which unify 
the partial theories of chemistry and physics (See Appendix I). 

Ten experimental parameters of the energy cells have been 
studied that increase the power output. A power output 10 times the 
ohmic power input has been obtained. The details of these 
experiments were published in the August 1991 issue of Fusion 
Technology (Mills, R., Kneizys, S., "Excess Heat Production by the 
Electrolysis of an Aqueous Potassium Carbonate Electrolyte and the 
Implications for Cold Fusion", Fusion Technology., 210, (1991), pp. 
65-81 ). The work has been replicated by scientists who are 
specialists in the field. The experiment has been scaled-up by a 
factor of one thousand, and the scaled-up heat cell results have been 
independently confirmed by Thermacore Inc. Patents covering the 
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compositions of matter, structures, and methods of the 
HydroCatalysis process have been filed by HPC worldwide with a 
priority -date of April 21, 1989. HPC and Thermacore are presently 
fabricating a steam-producing demonstration cell. 

If heavy water is used in place of normal water, fusion of 
deuterium atoms can occur and can produce small amounts of tritium 
and other nuclear particles as reported by many research groups 
reporting "cold fusion". However, the small number of nuclear particles 
emitted can only account for a billionth of the heat released, and the 
fundamental nature of the phenomenon is physical/chemical, and not 
nuclear. A complete description of this process can be found in the 
works cited above. 

Applications 

The technology can generate enormous amounts of heat using 
ordinary water. The implications of this development are extremely 
significant. The heat from this process can be used to meet the United 
States" demand for energy cleanly and cheaply. Over time, it appears to 
be possible to phase out all coal-fired and oil-fired electric power 
plants. This would end global warming and abate air and water 
pollution. Moreover, it may be possible to phase out nuclear power 
plants. 

One of the conversion products of this process, hydrogen, is an 
excellent fuel, which could be used to run cars, buses, and trains 
cleanly. When hydrogen is used as a fuel, the combustion product is 
water. The HydroCatalysis process is the basis of an ecologically 
sound energy system that starts with water and ends with water. In 
light of the fact that the Earth's surface is largely water. HPC now 
possesses a clean energy source that will last as long as the sun itself. 

Controversy 

There are presently two major objections to HydroCatalysis 
energy technology: 

1. ) What is the ash? 

The majority of evidence indicates that even if nuclear product 
signals are real and different from background signals then the heat 
reported is orders of magnitude larger than that corresponding to 
these low levels of nuclear products. Therefore, the skeptics argue 
that the heat measurements are erroneous. In actuality, the heat 
measurements are accurate, and the source of the heat is not from a 
nuclear reaction. It is due do a heat releasing reaction whereby a 
lower chemical energy form of hydrogen is formed. 

2. ) Theoretical: According to quantum mechanics, hydrogen can only 
have energies given by the following Rydberg formula 
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where n, and n 2 are integers. Mills' theory predicts that in addition 
to the energy states of hydrogen given by Eq. (1) with n, and n 2 being 
integers, new lower energy states are possible given by Eq. (1) with 
n, and n 2 being fractions. See Figure 1. The lower energy states of 
hydrogen have been assigned experimentally. The Mills theory 
predicts exactly the spectral observations of the extreme ultraviolet 
background emission from interstellar matter (given by Eq. (1) with 
n, and n 2 being fractions), which characterizes dark matter, and HPC 
is conducting further verification of data that demonstrates that the 
lower-energy form of hydrogen is the "ash" of heat producing cells. 

Plan 

HPC's technology is revolutionary. In order to warrant a large 
scale research and development program from industry and 
government, it is apparent that four critical goals must be achieved. 
HPC has elected to prove all aspects of the technology. These goals 

are as follows: 

1. ) A Complete Theory 

2. ) Demonstrate that Lower-Energy Hydrogen is Ubiquitous in Nature 

3. ) Identification of the Lower-Energy Hydrogen in the Lab as Produced by 
Excess Heat Producing HPC Cell 

4. ) Develop an Incontrovertible Power Demonstration Device 

Success to date: 

1. ) Theory Published and Book Will Soon Be Available Throughout the 
World Through a Reputable Publishing Company 

2. ) Theory Reviewed by Academia with Their Support 

3. ) Assignment of Dark Matter Spectrum Submitted for Publication Which 
Demonstrates that Lower-Energy Hydrogen is Ubiquitous in Nature 

4. ) Paper Submitted on Catalytic Couples- Other Researchers Results 
Explained 

5. ) Thermacore Awarded Contract by a Federal Government Agency to 
Develop HydroCatalysis Power Equipment 

6. ) EPRI Contract Awarded to Canadian National Lab 

7. ) Technological Advances by HPC and Thermacore 

8. ) Large Scale Steam Producing Incontrovertible Demonstration Device- 
Reduction of the Technology to Practice Presently Being Scaled Up from a 
Prototype Device 

9. ) Independent Replication by Other Labs 

10. ) Identification of the Lower-Energy Hydrogen in the Lab - Identification 
of the "Ash" 
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Figure 1. The Potential Energy Well of a Hydrogen Atom. 



V(eV) 

-o—i 

-1.7 
-3.0 

-6.8 



-27.2 



-108.8 



-244.9 



n r 

oo oo 

3 3a 0 

2 2a ft 



1 *< 



1/2 a 0 /2 



1/3 a 0 /3 



©> 



5 



Calorimetry 

Mills' theory predicts that the exothermic catalytic reaction 
whereby the electrons of hydrogen atoms are stimulated to relax to a 
lower energy level corresponding to fractional quantum states by 
providing an energy hole resonant with this transition will occur 
during the electrolysis of K2GO3 light-water solutions but will not 
occur during the electrolysis of Na2C03 light-water solutions. The 
results of the electrolysis with a nickel cathode at 83 mA constant 
current and heater run of K2CO3 appear in Figure 2. The heating 
coefficient of the electrolysis run was 87 "C/W; whereas, the heating 
coefficient of the heater run (calibration) was 41 °C/w\ The higher 
the heating coefficient, the more heat released in the process. 
Figure. 2. Plot of the heating coefficients versus time. 1 - electrolysis 
with a nickel cathode at 0.083 A in K2CO3, 2 - resistor working in 
K 2 C0 3 . 
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The results of the electrolysis at 81 mA constant current 
and heater run of Na2C03 appear in Figure 3. The heating coefficient 
of the electrolysis run was 47 °C/W; whereas, the heating coefficient 
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of the heater run (calibration) was 46 °C/W. The production of excess 
heat is not observed. 
Figure.3. Plot of the heating coefficients versus time. 1 - electrolysis at 
0.081 A in Na2C03, 2 - resistor working in Na2<103. 
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Almost all electrolysis experiments will be similar to the case 
of Na2C03, above. Only a few combinations of 
electrolytes/electrodes such as the K2CO3 case above, will yield 

excess heat. 



Appendix I 



Unification of Spacetime, the Forces, Matter, and 
Energy 

220 pages 

Physics/Chemistry 

Dr. Randell L. Mills 

President, HydroCatalysis Power Corporation 
HydroCatalysis Power Corporation 
Greenfield Corporate Center 
I860 Charter Lane 
Suite 208 

Lancaster, PA 17601 
(717)-291-6673 

SHORT ABSTRACT: The fundamental laws of Nature are derived and are 
shown to be applicable on all scales. Electricity and magnetism 
(Maxwell's equations), gravity (curvature of space-time by matter; 
Einstein's General Relativity), transformations among space-time 
inertial frames (Einstein's Special Relativity), and Newtonian 
mechanics, and the strong and weak forces are unified. Creation of 
matter from energy equations are derived and these equations give 
the masses of the fundamental particles. A broad spectrum of major 
physical observables are calculated from derived equations that 
contain fundamental constants only. There is excellent agreement 
between the calculated values and experimentally determined values. 

SUMMARY: To overcome the shortcomings of quantum mechanics, 
physical laws which are exact on all scales were sought. Rather than 
engendering the electron with a wave nature as suggested by the 
Davisson-Germer experiment and fabricating a set of associated 
postulates and mathematical rules for wave operators, a new theory 
was derived from first principles The novel theory unifies Maxwell's 
Equations, Newton's Laws, and Einstein's General, and Special 
Relativity. Theoretical predictions conform with experimental 
observations. The closed form calculations of a broad spectrum of 
fundamental phenomena contain fundamental constants only. 
Equations of the one electron atom are derived which give four 
quantum numbers, the Rydberg constant, the ionization energies, the 
results of the Stern-Gerlach experiment, the electron g factor, the 
spin angular momentum energies, the excited states, the results of 
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the Davisson-Germer experiment, the parameters of pair production, 
and the hyperfine structure interval of positronium. Ionization 
energies of two and three electron atoms are given as well as the 
bond energies, vibrational energies, and bond distances of molecular 
hydrogen and the molecular hydrogen ion. From the closed form 
solution of the helium atom, the predicted electron scattering 
intensity is derived. The closed form scattering equation matches 
the experimental data; whereas, calculations based on the Born model 
of the atom "utterly fail" at small scattering angles. The 
implications for the invalidity of the Schrodinger and Born model of 
the atom and the dependent Heisenberg Uncertainty Principle are 
discussed. The atomic equations of gravitation are derived from 
which the gravitational constant and the masses of the leptons and 
the neutron and proton are derived. The magnetic moments of the 
nucleons are derived. The beta decay energy of the neutron and the 
binding energy of deuterium are calculated. Also, the theory predicts 
exactly the spectral observations of the extreme ultraviolet 
background emission from interstellar matter, which characterizes 
dark matter; it provides a resolution of the solar neutrino paradox, 
and it provides a basis to produce heat in electrolytic cells which 
represents an endless supply of cheap, clean energy. 
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Sir: 

Robert M. Shaubach r residing at 1104 Brunnerville, Rd., 
Lititz, Pennsylvania declares and states that: 

1. I received a Bachelor of Science degree in electrical 
engineering from Union College, Schenectady, New York, 1967, and 
attended graduate nuclear engineering courses at Catholic 
University , Maryland . 

2. I am currently a Manager, Development Operations, at 
Thermacore, Inc., located at 780 Eden Road, Lancaster, PA 17601. 
I have been with Thermacore since 1981. 

3. As Manager of the Development Operation, I am responsible 
for Thermacore ■ s contract and in-house developments in the heat 
transfer field. I am responsible for seeing that Thermacore 
maintains technical excellence in development programs while 
meeting budget and schedule constraints. 



4. I have been instrumental in furthering the understanding 
of the performance of sintered wick structures both self-pumped and 
mechanically augmented. This includes modeling two phase flow in 
wicks and helping to develop vapor resistant arteries. This new 
understanding has led to several patents as well as setting the 
World's record in heat pipe heat flux levels of over 100 kW/cm 2 . 

5. My professional career has been devoted primarily to the 
energy field. This includes structural and thermal analysis and 
experimental work covering laser mirror coolers, heat pipes, 
sintered wick structures, two phase flow and heat transfer, 
thermally driven pumps, absorption coolers, air/air heat exchangers 
and resolution of technical problems with Naval and commercial ship 
propulsion and auxiliary systems as well as nuclear and fossil 
generating plants and industrial processes.. My experience covers 
project engineering and management through corporate responsibility 
for research, development and engineering. 

6. My previous work includes the development of heat pipes 
for cooling hypersonic aircraft wing and cowl leading edges, heat 
pipes for fuel cell coolers, and articulated heat pipe/heat pipe 
joint for the Air Force, and the development of double effect 
absorption heat pump heat exchangers for a commercial customer. 

7. I have made significant contributions to the development 
of a unique gas fired pump for a solar augmented gas fired hot 
water system and an air/air heat exchanger for the commercial 
market. 



8. I have designed the laser mirror heat pipe cooler for the 
Air Force and performed the thermal/optical distortion analyses for 
the silicon heat pipe laser mirror cooler on Contract No. F33615- 
82C-5127. 

9. I am the author or co-author of numerous technical 
reports and papers, of which selected publications are shown, in the 
attachment. 

Nelson J. Gernert residing at 6016 Schoolhouse Road, 
Elizabeth town, PA declares and states that: 

1. I received a B.S. in mechanical engineering from 
Pennsylvania State University in 1983. 

2. I am currently a Development Engineer/Group Leader at 
Thermacore, Inc., located at 780 Eden Road, Lancaster, PA 17601. 
I have been with Thermacore since 1983. 

3. At Thermacore, I have worked on research and development 
contracts directly related to heat transfer technology. 

4. I am currently the principal investigator on the 
Thermacore Research and Development effort evaluating the 
performance of Dr. Randell Mills' Electrolytic Power Cell. 

5. I have been the principle investigator on numerous 
contracts and as a result I have extensive experience in conducting 
contract R&D. A brief summary of these contracts is provided in 
the attachment. 

6. I am the author or co-author of numerous technical 
reports, papers, of which selected publications are shown in the 
attachment. 



Robert M. Shaubach, and Nelson J. Gernert together declare 
state that: 



1. We have reviewed and understand the concept covered by 
the subject U.S. application No. 07/825,845 of Dr. Randell L. Mills 
and we are personally familiar with the methods and apparatus 

disclosed therein. 

2. We (hereinafter Thermacore) have conducted independent 
experiments on nominally identical apparatus to that made by Dr. 
Randell Mills (Hereinafter HPC) to check HPC's method and results, 

since March of 1992. 

3. Thermacore 's experiments and test results have 
corroborated HPC's results, showing 78 watts of heat output with 
only 28 watts of heat input. Excess energy on the order of 50 
watts has been produced reliably and continuously over the last 
several months. Thermacore • s spectral metallurgical evaluations 
show that neither the electrolyte nor the electrodes are being 
consumed. Scintillation counter measurements show no signs of 
radiation external to the cell. 

Description of the The rmacore Cell 

The Thermacore cell is comprised of a 38 liter (33 cm 

diameter x 53 cm high) Nalgene tank (Model #54100-0010) . Two 4 

inch long by % inch diameter terminal bolts were secured in the 
lid, and a cord for a heater was inserted through the lid. 



The cathode is comprised of 1) a 19 liter polyethylene bucket 
which served as a perforated (mesh) support structure where 1.3 cm 
holes were drilled over all surfaces at 1.9 cm spacings of the hole 
centers and 2) 5000 meters of 0.5 mm diameter nickel wire (NI 200 
0.0197", HTN36N0AG1, AI Wire Tech, Inc.). The wire was wound 
around the outside of the mesh support at about 150 sections of 33 
meter length. The ends of each of the 150 sections were twisted to 
form three cables of 50 sections per cable. The cables were 
pressed in a terminal connector which was bolted to the cathode 
terminal post. The connection was covered with epoxy to prevent 
corrosion. See Figure 1. A center cathode was also made from 5000 
meters of the 0.5 mm diameter nickel wire. The wire was wound in 
a toroidal shape with three cables pressed into a terminal 
connector which was bolted to the cathode terminal post and epoxy 
coated. The cathode was inserted into an ellipsoidal shaped 
perforated polyethylene container. 

The anode is an array of 15 commercially available, chemically 
inert platinized titanium anodes (10 - Engelhard Pt/Ti mesh 4 cm x 
20 cm with one 1.9 cm by 17.7 cm stem attached to the 4 cm side 
plated with 100 |i Pt series 3000). A 1.4 cm wide tab was made at 
the end of the stem of each anode by bending it at a right angle to 
the anode. A 0.64 cm hole was drilled in the center of each tab. 
The tabs were bolted to a 31 cm diameter polyethylene disk 
(Rubbermaid Model /2666) equidistantly around the circumference. 
Thus, an array was fabricated having the 15 anodes suspended from 
the disk. The anodes were bolted with 0.64 cm polyethylene bolts. 
Sandwiched between each anode tab and the disk was a flattened 
nickel cylinder also bolted to the tab and the disk. The cylinder 
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was made from a 7.5 cm x 9 cm long x 0.125 am thick. nickel foil. 
The cylinder traversed the disk, and the other end of each was 
pressed about a 10 AWG/600 V copper wire. The connection was 
sealed with shrink tubing and epoxy. The vires were pressed into 
three terminal connectors and bolted to the anode terminal. The 
connection was covered with epoxy to prevent corrosion. See Figure 
2 for the anode and Figure 3 for the assembly. 

Before assembly, the anode array was cleaned in 3 M HCL for 5 
minutes and rinsed with distilled water. THe cathode was rinsed 
with distilled water. The anode was placed in the cathode support 
and the electrode assembly was placed ia the tank containing 
electrolyte. The power supply was connected to x±e terminals with 
automotive battery cables. 

The electrolyte solution comprised 36 liters of 0.57 H K 2 CO a 

(Alfa K 2 C0 8 99%) . 

The heater comprised a 69 ohm. 1000 watt cartridge heater which 
was suspended from the polyethylene disk ef the anode array. It 
was powered by an Invar constant power (±C.1%) supply (Model #TP 
36-18). The voltage (+0.1%) and current (±0.1%) vare recorded with 
a Fluke 8600A multimeter. 

Electrolysis was performed at 16, 25 and = 3 amperes direct 
current with a constant current (+0.2%) pover supply (Kepco Model 
/ATE 6-50M) • A 75 amp condition was achieved usirg two Kepco Model 
/ATE 6-50M power supplies in parallel. They vere also programmed 
to provide a square wave at a peak of 101.5 ajaps when driven by a 
frequency generator set at a 7% duty cycle at 2 £z. 



Figure 3. Cell* Assembly 




The voltage (±0.1%) was recorded with a Fluke 8600A 
multimeter. The current (±0.5%) was read from an Ohio Semitronics 
Current Transducer Model CTA101. 

The temperature (±0.1 *C) was recorded with a microcomputer 
thermometer (Omega HH21) which was inserted through a T>.64 cm hole 
in the tank lid and anode array disk. 

The temperature (AT=T (electrolysis only) - T (ambient)) and 
the electrolysis power were recorded regularly. The heating 
coefficient was determined "on the fly" by the addition of 20 watts 
of heater power at 72 hour increments where 24 hours was allowed 
for steady stat£' to be achieved. The temperature AT a =T 
(electrolysis + heater) - T(ambient) was recorded as well as the 
electrolysis power. The ambient temperature was measured from a 
blank cell that was comprised of a. closed 10 gallon Nalgene tank 
(Model 541000-0010) containing 40 liters of HjO placed 0.5 meters 
from the electrolysis cell. Figure 4 shows the electrolysis cell 
on test. 

Results 

Both HPC and Thermacore obtained similar results on separate 
nominally identical cells using separate instrumentation. A heat 
balance is shown in Figure 5; some of the Thermacore results are 
shown in Table 1. 



FIGURE 5. CELL HEAT BALANCE 
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TABLE 1. Suinuiary of Ttaeniiacore Test Results 
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Total 
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Power = VI 
(Watts) 


Total 
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Subcomponents (Watts) 




Gas 
1.481 


Excess 
± 

20% 


Ohmic 
Healing = (V- 1.48)1 


2.96 


25.1 


74.3 
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37.1 


50 
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3.25 


49.9 


162 


212 
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88.2 


1.3 


3.42 


75.0 


257 


307 


111 


50 


146 


1.2 


3.98 


101.5* 


28.3 


78.3 


10.5 


50 


17.8 


2.8 



* Pulsed willi a square wave at a 7% duty cycle @ 2.0 Hz 
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The method for calculating the 50 watts of excess power is 
represented graphically in Figure 6 for the 50 amperes direct 
current (ADC) case. The electrolyte temperature rise above ambient 
is plotted versus heat added to the electrolyte. A straight line 
is projected through the data to the ordinate. The intercept and 
slope of this line is used to estimate the 50 watts of excess power 
as shown in Figure 6. 

Figure 7 shows the data for 16, 25 and 75 amps direct current 
superimposed on the curve for 50 amps. Notice that the excess 
energy of about 50 watts is independent of the cell current between 
25 and 75 amps. The excess energy begins to drop off at current 
levels below 25 amps. Figure 8 also includes temperature versus 

FIGURE 6.* METHOD FOR CALCULATING 
EXCESS POWER 
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FIGURE 7. ELECTROLYTIC CELL 
COMPARED TO BLANK 
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FIGURE 8. HPC DATA FOR 50 AMPERES DC 




power data for an I 2 R heated blank of the same geometry as the 
cell. These data project through zero which is consistent with the 
mathematical modeling of the heat balance. 

The theory that led to the discovery of this electrolytic 
process was developed by Dr. Randell Mills, HPC, Lancaster, 
Pennsylvania, as described below: 

Dr. Randell Mills has developed a theory for the electro- 
chemical process discussed herein. This theory is covered by a 
patent application entitled "Energy /Matter Conversion Methods and 
Structure" , and is described in the Fusion Technology article 
entitled, "Excess Heat Production by the Electrolysis of an Aqueous 
Potassium Carbonate Electrolyte and the Implications for Cold 
Fusion" by Dr. Mills and S. Kneizys, the article entitled "A 
Unified Theory" Derived from First -Principles" submitted to the 
Physical Review for publication by Dr. Mills and W. Good, the 
article entitled "Two Electron^ Atoms and Elastic Electron 
Scattering by Helium", submitted to Physical Review for publication 
by Dr. Mills and the book entitled, The Grand Unified Theory, by 
Dr. Mills and Dr. T. Farrell. 

In technical terms, under the Mills theory the predominant 
source of heat is believe to be an electrocatalytically induced 
reaction whereby hydrogen atoms undergo transitions to quantized 
energy levels of lower energy than the conventional "ground state". 
These lower energy states correspond to fractional quantum numbers. 
The hydrogen electronic transition requires the presence of an 
energy hole of approximately 27.2eV provided by electrocatalytic 
reactant(s) (such as PD 2+ /ti+, Ti'\ or K+/K+) , and results in 



"shrunken atoms" analogous to muonic atoms. Calorimetry of pulsed 
current and continuous electrolysis of aqueous potassium carbonate 
(K+/K+ electrocatalytic couple) at a nickel cathode was performed 
in the calorimetry cells. Total power out exceeded total input 
power by a factor of 2.8 as described , above. 

Thermacore tests and results are summarized as follows: 

1. Metallurgical samples of the nickel cathode in service for 720 
hours were subjected to spectral analyses and were 
photomicrographed. Results show no unusual changes or 
reactions between the nickel and electrolyte. The wire 
appears to remain unchanged after one month of operation. 

2. Evaluation of the electrolyte after one month operation shows 
no significant change in its density and molar concentration. 
Spectral analyses of the electrolyte show no significant 
concentrations of the nickel, titanium or platinum from the 
electrodes, thus, a reaction between the electrolyte and 
electrodes is probably not occurring. 

3. Evaluation of gas samples from the cell show hydrogen, oxygen 
and trace amounts of nitrogen. No significant quantities of 
CO, or C0 2 were found, confirming that the K^CO, electrolyte is 
not degrading. 



The cell was disassembled and inspected after over one month 
of operation at 50 amperes. This inspection showed no visible 
signs of a reaction between the electrodes and electrolyte. 
The cell was re-assembled and is operating as before, 
producing about 50 watts of excess energy, 24 hours a day. 

Measurements of neutrons were not considered necessary since 
light water is used in place of deuterium. A scintillation 
counter was placed next to the cell. No radiation levels 
above background were detected indicating that nuclear 
reactions are not involved. 

Water makeup rates match the Faraday usage plus evaporation. 
Evaporation was quantified by condensing moisture from the gas 
effluent, collecting the water condensate, and measuring the 
condensate rate. 

Thermacore has taken independent measurements on the original 
HPC cell using Thermacore equipment. These measurements help 
confirm the accuracy of HPC data as shown in Figure 8. 

Results show that heat for a given cell, input power can be 
reduced while maintaining a constant output power. For 
example, by pulsing the electrical input at fractional duty 
cycles the 2 Hz, 100 ampere rectangular wave with a 7 percent 
duty cycle provides an output/ input power ratio of 2.8. This 
ratio is a factor of 2.5 better than the ratio obtained using 
straight 75 ampere DC power (See Table 1) . 



As stated in the text above, cell excess power remains almost 
constant and does not appear to increase significantly at 
current levels above 25 amperes, DC. The reason for this is 
not well understood. The HPC theory is that the formation of 
"shrunken" hydrogen will only occur with the ll { atom and not 
the H 2 molecule. The Hi atom roust contact two potassium ions 
that provide the proper energy hole. This contact may be 
required to occur on the surface of the nickel electrode; 
perhaps from H t coming out of solution from NiH formed at the 
surface of the nickel. The rate of H 2 formation relative to 
the rate of the energy releasing hydrogen atom transition 
reaction could limit the excess power where excess hydrogen 
formed at current levels above 25 amperes is lost in the form 
of H 2 . 
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^^M^^SI^WM^^ EXPERIMENTAL DETAILS 

Experimental results of differential heat toss calorimetry 
measurements during the electrolysis of light water solutions 
ofKiCO s andNa 2 COj with a nickel cathode are presented. 
A significant increase In temperature with every watt Input, 
compared with the calibration experiment, is observed during 
the electrolysis ofK 2 COj. This effect is not observed when 
M/;COj Is electrolyzed. No trivial explanation (in terms of 
chemical reactions, change in heat transfer properties, etc.; 
Of this tffect has been found so far. If the nontrivialtty of the 
observed overcoming of the energy breakeven barrier is fur- 
ther confirmed, this phenomenon may find application as an 
important new energy source. 



INTRODUCTION 

The studies in this paper follow the general lines of the 
work of Fleischmann and Pons. 1 although electrolysis of 
D 2 0 is usually considered when excess energy is claimed. 
Observation of excess energy production during the electrol- 
ysis of H 2 0 was first mentioned by Pons and later rejected. 
Pons et al. v however, explicitly state the possibility of obtain- 
ing excess energy during electrolysis of ordinary water (using 
nickel as a cathode, among other proposed metals) in Ref. 2. 
Unexplained excess heat in light water is also claimed in a pa- 
per by Bush et al. } Mills and Kncirys 4 claim to have ob- 
tained excess energy above the amount spent during the 
electrolysis of a K 2 C0 3 ordinary water solution with a nickel 
cathode. The excess energy effect, according to these authors, 
is not observed when Na 2 COj is electrolyzed. Furthermore, 
unusual effects during the electrolysis of light water have also 
been reported by Matsurnoto. 3 

This paper compares the heating coefficients for a 
nickel/platinum (Ni/P;) circuit with those for a resistor 
heater in vacuum-Jacketed dewar electrolytic cells containing 
K a COs or Na 2 COj> Note that the excess energy effect from 
an electrochemical system containing K* (Li* is usually used 
in these studies) in D 2 0 is reported in Ref. 6. 



•Visiting Kholar ai Franklin and Marshall CoUcge. Chemistry De- 
partment, Lancaster. Pennsylvania, 
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The experiments were carried out by observing and com- 
paring the temperature difference, A7i = 
T M§nk and AT 2 = Tn*** onty - W referred to unit 
input power, between two identical 200-ml silver-coated vac- 
uum-jacketed dewars. A calorimeter dewar having the same 
configuration and containing the same amount of electrolyte, 
same type of electrodes (nickel cathode and platinum anode)* 
resistor heater, and thermistor (thermometer) and stirred at 
the same speed was used as a blank; neither electrolysis nor 
heating by the resistor was carried out in this dewar. Exper- 
iments were also carried out by using as a blank a dewar used 
in a previous experiment and vice versa. This exchange was 
done to ensure that the effect was not due to any difference 
in the thermal properties of the two specific dewars used. 
Each dewar had a 3-cm opening, and a 2-cm-thick tapered 
rubber stopper was placed I cm into the dewar. The expert- 
mental apparatus for the differential calorimetry used in these 
studies is shown in Fig. 1 . Unlike the studies in Ref. 4, the re* 
sistor and the electrolytic circuit were not run simultaneously 
in this study; the effects of heating by the resistor and by the 
electrolysis circuit were studied in separate runs. 

As is usual in electrochemistry, measures were taken to 
avoid Impurities in the system, especially organic substances. 
While it is unclear at this point what the relationship is, If 
any, between the contamination effect on the hydrogen over- 
potential and that on the eventual excess heat, one should re- 
call the known problems with the reproducibility of the 
hydrogen overpotentia!, which can be overcome only by en- 
suring the lowest possible levd of impurities. Certain proce- 
dures should be applied to reproduce the excess heat effect. 
For Instance, before starting the experiment, mechanically 
scour the platinum anode with steel wool, soak overnight in 
concentrated HNO,, and then rinse with distilled water. Re- 
move the nickel cathode from its container with rubber 
gloves, and cut and bend it in such a way such that no organic 
substances are transferred to the nickel surface. Preferably, 
dip the nickel cathode into the working solution under an 
electrolysis current, and avoid leaving the nickel cathode in 
the working solution in the absence of an electrolysis current. 
Clean the electrolysis dewar. and free it of organic contam- 
Inants. 

After assembling the experimental setup, the nickel cath- 
ode was subjected to anodizing by a constant electrolysis cur- 
rent of 0.083 A for 1 h. Then, the direction of the electrolysis 
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Fig. I. Experimental setup: (1) vacuum-jacketed dewar, (2) ther- 
mometer, (}) platinum anode, (4) nickel cathode, (5) mag- 
netic stirring bar, (6) resistor heater, (7) rubber stopper, (8) 
Teflon tubing. (9) magnetic stirrer, and (10) aluminum 
cylinder. 



current was reversed (platinum anode and nickel cathode), 
and the electrolysis was carried out for 14 to 16 h. 

The electrolysis heating power was calculated as P el - 
(£ rf - 1.48)/*, where E H Is the applied electrolysis voltage, 
l 9l is the electrolysis current (the term "electrolysis power is 
used here for convenience, denoting only the power contrib- 
uting to the joule heating effect during the electrolysis), and 
1.48 V is the Isoenthalpic voltage, which at the temperatures 
studied practically coincides with the thermoneutral voltage. 
The resistor heater power was calculated as P h - 
where /* denotes the resistor current and Em denotes the re- 
sistor voltage. 

The cathode was a 7.5-cm-long * 4-cm-wlde x 0.0125- 
cm-thick nickel foil (Aldrich 99.9+ <9o) spiralled into a cylin- 
drical form. The anode was a O.l-cnvdiam x iO-cm-long 
platinum wire (Johnson-Matthey). The spiral anode and the 
cylindrical cathode were parallel to each other. The leads were 
inserted into Teflon tubes to prevent any recombination of 
the evolving gasei. The electrolyte solution in both dewars 
was 1 53 ml of 0.57 M K 2 C0 3 or 0.57 M Na a CO, in H 2 0. The 
distilled water was from the common distiller of the Chemis- 
try Department of Franklin and Marshall College. The power 
was delivered by a Zenith SP-2718 power supply (alternating 
current component <0. 17i). The resistance heater was a 10042, 
l<7b precision, metal oxide resistor in a 2-mnvo.d. Teflon 
tube. The electrolyte solution in both dewars was stirred si- 
multaneously (synchronized for the two dewars) by two iden- 
tical spheroidal ellipse magnetic ban rotated by two magnetic 
stirrers at -300 rpm. Electrolysis voltage and current were 
measured by two Keithley 169 multimeters, and the resistor 
voltage and current were measured by Extech 380198 and 
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Micronta 22-185 A multimeters with 0.01-V and 0.001-A ac- 
curacy, respectively, The use of vacuum-jacketed dewars, 
rather than air-jacketed dewars or simple flasks, made the 
measurements more sensitive (higher heating coefficient). In 
a vacuum-jacketed dewar unit, input power leads to a greater 
steady-state temperature, thus enabling differences in steady- 
state temperatures (for the same configuration) to be more 
pronounced. The temperatures in this study were monitored 
continuously using the capability of the standard calorimeters 
(Parr P-318) to record the temperature continuously (with 
O.0l°C accuracy) on their strip-chart recorder (Fisher Record- 
all Scries 5000). 

RESULTS AND DISCUSSION 

The results of the study are shown In Figs. 2 through 5. 
Figure 4 is based on the data presented in Figs. 2 and 3. Fig- 
ure 2 shows the absolute change in the measured temperatures 
of the dewars at different conditions, while Fig. 3 shows the 
input powers in each case. It can be seen from Fig. 3 that 
while the input power with the resistors working was constant 
as expected, the input electrolysis power was not, and there 
is a time lag between the application of power and the temper- 
ature response. We compensated for this by selecting appro- 
priate power values when calculating the heating coefficients 
plotted in Fig. 4 (more precisely, the term "heating coeffi- 
cient" refers only to the steady-state values of the quantities 
in Fig. 4; the last parts of the curves in Fig. 4 can be consid- 
ered to represent steady state). The heating coefficients plot- 
ted in Fig. 4 were calculated using the average power plotted 
in Fig. 3. Note that other reasonable ways of referring the ob- 
served to the applied power are possible; however, even 
the most conservative approach gives the same qualitative ef- 
fect as that seen in Fig. 4. Studies currently in progress, using 
a data acquisition system, show sustained steady-state pro- 
duction of excess heat for many days. Results from these 
studies are presented elsewhere. 




Time {min} 

Fig. 2. Time history of temperatures: (1) blank cell (this curve is 
used as the blank for computing the healing coefficients or 
Fig. 4): (2) KxCOj calibration cell (with only resistor heater 
working); (3) Na,CO, calibration cell; (4) K,CO, electrol- 
ysU cell (with only electrolysis working); and (5) NaiCOj 
electrolysis cell. 
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0.16 



0.10- 



0.05 




Time (mln) 



Fig. 3. Time history of the ipplicd power: healing power with (1) 
elecuolyiii in the Na,CO, cell, (2) the resistor in the 
Na 2 COj cell, (3) the resistor in the KjCOj cell, and (4) 
electrolysis of the KjCOj cell. The thermoneutral voltage U 
1.4$ V. For the calculation! presented in this paper, mean 
values of the electrolyws powers in the Na]COs and K 2 C0 3 
cells are used, shown as solid lines in curves 1 and 4. 




400 
Time Imin) 



Fig. 4. Plot of the heating coefficients over time: (1) electrolysis at 
0.083 A in K ; CO,, (2) resiitor working in Na,COi. (3) 
electrolysis at 0.083 A in Na,CO J( and (4) resistor working 
in K a CO,. 



The heating coefficient of the NajCOj cell is plotted in 
Fig. 4. The heating coefficient for the resistor heater only and 
that for the electrolysis circuit only are essentially identical. 
This is to be expected for a given dewar and a given electro- 
lyte when steady state is reached: The LT corresponding to 
a unit heating power has a strictly defined value, determined 
by the properties of the materials through which heat Is be* 
ing lost. The properties of the cell are unaltered during op- 
eration. Specifically, the volume of electrolyte remains 
practically constant: -0.2^0 of the solution volume is being 
electrolysed during the 12-h operation of the Ni/Pt cell. 



In contrast, the calorimeter containing KjCOj showed 
very different behavior. The heating coefficient of the 
K 2 COj celt Is plotted over time in Fig. 4. The heating coef- 
ficient-time curve of the working electrolysis cell is clearly 
above the curve of the dewar in which only a resistor is work- 
ing. The value of the heating coefficient with the Ni/Pt cir- 
cuit working is -50°CAV, while the heating coefficient with 
only the resistor working is -30*C/W. Therefore, the output 
power obtained through the Ni/Pt circuit is 160% of the 
input power. The time-integrated power (i.e., energy) input 
into the system during the course of the experiment in Fig. 4 
is -4800 J compared with the output power of -8000 J. 
Thus, Fig. 4 shows a significant difference in the thermal be- 
havior of two identical systems that differ only in the posi- 
tive ions of the salt, 

A trivial explanation for this behavior of the K 2 COj cell 
is not straightforward. In fact, the electrolysis should be ex- 
pected to lead to a decrease in the heating coefficients com- 
pared with those of the cells in which only the resistor is 
working . . consistent with additional heat losses caused 
by gas evolution . . . which is currently observed only in 
the Na a CO) cell. 

The erroneous attribution of the effect to temperature 
gradients was eliminated by testing for minute spatial varia- 
tions of the temperature over time. Three thermistors were 
positioned -2.5 cm apart at the bottom, middle, and upper 
part of the electrolyte. The results, shown in Fig. 5, clearly 
demonstrate that no difference is observed (within the limit 
of detection, 0.01 °C), 

Note that the electrolysis is always started with a newly 
manufactured cathode from the batch of 99.9«7o+ purity 
nickel. The use of new nickel excludes any possibility that the 
effect is due to the decomposition of species formed before 
the beginning of the electrolysis. The reaction of hydride for- 
mation is exothermic with a standard enthalpy of formation 8 
of -8.79 ± 0.59 kJ -mol" 1 H 2 . However, if all of the hydrogen 
evolved during the run became hydride, an energy contribu- 
tion would result that is more than one order of magnitude 
less than the excess heat that is observed according to Fig. 4. 
This can easily be calculated based on the amount of hydro- 
gen evolved over - 12 to 14 h at a rate of 0.083 A. Although 
the overall amount of energy produced in the experiment is 
relatively low, it Is clear that the observed effect is outside 
the error limit of the experiment, which is of the order of 
±1°C/W, calculated from the accuracies of the measured pa- 
rameters at the respective ranges. 

Ii is not known what trivial chemical reaction might be 
triggered by the applied electrolysis that would be capable of 
producing the observed amount of excess heat. Some exotic 
farfetched possibilities for explaining the difference in elec- 
trochemical behavior between K 2 COj and Na 2 C0 3 can be 
postulated. One such example is the formation of formic 
acid, e.g., by the reaction HCO," + 2HjO - HCOOH + 
30H", or methane if KHCOj is present in the electrolyte. 
However, even if such possibilities axe invoked, it should not 
be forgotten that energy is also being spent for these electro- 
chemical reactions, which will again result in an isoenthalpic 
(or thermoneutral) voltage. In most cases, the value or this 
thermoneutral voltage may exceed 1.43 V, which will cause 
cooling rather than heating of the solution. This is indicative 
of even higher excess energy values. A reaction that readily 
comes to mind is oxygen reduction. It is well known, how- 
ever, that nickel Is a poor catalyst of oxygen reduction, and 
the current density of this reaction is negligibly small com- 
pared with the current density applied here l-I mA/cm ). 
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Fig. 5. Temperature changes at three points within the solution: (I) at the top. (2) In the middle, and (3) at the bottom The setup used 
for his study b sum br to that presented in Fig. I, but in the working cell there are three thermi tors instead of one ^t on 
J S£ S 5f ] f = 30 dlv,4l0n/h ; > - 0.2'C/dlvision, stirring only; section B-C: x axis Kale - 0 diWiion/h 1 scale - 

O^C/dlvlsion resistor only; section C-D: x axis Kale - 5 division/h! , axis scaled 0.?c3v sion ?^ H ec fo n 
D-E: x axu scale - 5 diviston/h. ^ axis scale * (U«C/division. electrolysis only. 



These possibilities were rejected after study of the corre- 
spondence of the Faraday efficiency of the evolved H 2 and 
0 2 gases. This was dene in a separate experiment by collect- 
ing the evolved gases and comparing the measured volume of 
the gases with the volume corresponding to the quantity of 
electricity that had passed through the cell over a given time. 
Note also that the absence of appreciable H 2 (Dj) + 0 2 re* 
combination has been noted by a number of investigators, 
even in systems that contain metals (e.g., palladium) that are 
known to be good catalysts of that reaction (e.g., Reft. 9 
through 14). Other preliminary studies (mass spectroscopy, 
pH measurements, titration) before and after the experiment 
showed no unexpected species or pH change. These studies 
should be continued further. 

The problem of recombination Is a crucial one in this 
study (note again that the excess heat here Is calculated after 
subtracting 1.48 V), however, and it deserves special atten- 
tion in any further experiments. On the other hand, as we 
have noted, 6 the problem of recombination (and tho other 

nected calorimetric problems) preferably should not be 

4 by studying the effect in a closed cell with a recom- 
bmer. The recomblner adds new unknowns since the kinet- 



ics of the recombination of H 2 and O* to H 2 0 should be well 
understood through studies such as those in Ref. 15. On the 
other hand, since the claimed excess energy itself is a newly 
found, unstudied phenomenon, no additional conditions 
should be imposed because their eventual effect on the repro- 
ducibility of the excess energy Is unknown. For instance, it 
is not clear whether the ability of the recomblner to recom- 
bine not only the H 2 and 0 3 evolving through electrolysis but 
also all other quantities of H 2 and Oj existing in the gas and 
the liquid phase, thus creating concentration gradients, will 
be a hindering factor for the appearance of excess energy. 
An explanation for the increase In the heating coefficient 
for a Ni/Pt circuit might be that an additional source of en- 
ergy of unknown nature is acting from within that adds to the 
energy input to the cell from without. If this nontrivial pos- 
sibility is confirmed, this effect will be of great importance 
as an alternative energy source. Further calorimetric sophis- 
tication is necessary to further confirm the reality of the ob- 
served effect and to obtain a quantitative assessment of its 
magnitude. For instance, to avoid errors of a subjective na- 
ture, a data acquisition and processing system Is necessary. 
The measurements should be carried out at constant input 
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n^t^bicnt temperature 1. also ^ 
these ^'^*^^j^^^^^^^^drt^^^'^^'*^^ e ' 

cKmetry measurements (including ScebeckV o«™ * « 
fcfbfobYerved in an ■**b-^ff7^°S^ 
orimeter) similar to the one used ^^.f^S 

cKe It sSni aUo that the reported effect is reproduce 

m. reactions of nuclear or any other origin) as to why over- 
LSr ^eneriy breakeven barrier might come about 
Sorid 'be carried out only after firmly establishing the real- 

IS others, which were unexplainable at the level of know V 
a fh»5r time These experimental findings virtually 

S Even one of the most recent scienbfic dueoyenes - 

phenomenon. 
CONCLUSIONS 



crgy breakeven barrier through electrolysis. 

Contrary to the opinion expressed in Refs. 16 and : 7. it 
does ™ seem plausible that light water should be used * > a 
Sol" when excess energy is being sought dunng the elec- 
trolysis of heavy water. 
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According to a novel atomic model, the predominant 
source of heat of the phenomenon called coldfusion is the 
tlectrocatalytkally induced reaction whereby hydrogen atoms 
undergo transitions to quantized energy levels of lower energy 
than the conventional ground state. These lower energy states 
correspond to fractional quantum numbers. The hydrogen 
electronic transition requires the presence of an energy hole 
0 f -27.21 eV provided by electrocatalytic reactants (such as 
Pd 2 +/Li\ Tr\ or and results in "shrunken atoms" 

analogous to muonic atoms. In the case of deuterium, fusion 
reactions of shrunken atoms predominantly yielding tritium 
are possible. Calorimetry of pulsed current and continuous 
electrolysis of aqueous potassium carbonate (K*/K+ electro- 
catalytic couple) at a nickel cathode is performed in single- 
cell dewar calorimetry cells. Excess power out exceeded input 
power by a factor of >37. 



L INTRODUCTION 

As a result of the de facto assumptions of quantum me- 
chanics and the incomplete or erroneous models that often 
follow, the prediction and development of useful or func- 
tional systems and structures requiring an accurate under- 
standing of atomic structure and energy transfer have been 
limited. The Schrodinger equation, for example, does not ex- 
plain the phenomenon referred to as "cold" nuclear fusion: 
large anomalous heat release and trace tritium production of 
certain heavy water electrolytic cells having a palladium cath- 
ode and a lithium electrolyte. Thus, advances in this Held are 
largely limited to laboratory discoveries that have limited or 
suboptimal utility. To remedy the shortcomings and incon- 
sistencies of quantum mechanics. Mills and Farrcll devel- 
oped a novd theory for which the fundamental laws of nature 
are shown to be applicable on all scales. Maxwell's equations. 
Einstein's general and special relativity, Newtonian mechan- 



ics, and the strong and weak forces arc unified. Their theory 
is a quantum theory in which the four quantum numbers of 
the electron of the one-electron atom arise naturally without 
gamma factors and provide an explanation for the seemingly 
contradictory and inconsistent observations of cold fusion. 
A summary of the development of the theory pertinent to 
cold fusion follows. 



IL THE ONE-ELECTRON ATOM 

One-electron atoms include the hydrogen atom, He(I), 
Li(II), Be(III), and so on. In each case, the nucleus contains 
Z protons and the atom has a net positive charge of (Z - l)e. 
All forces arc central. The mass-energy and angular momen- 
tum of the electron are constant; this requires that the equa- 
tion of motion of the electron be temporally and spatially 
harmonic. Thus, Laplace's equation applies and 

IIA. Tht Boundary Conditioo 

The condition for radiation by a moving charge is derived 
from Maxwell's equations. To radiate, the space-time Fou- 
rier transform of the charge density function must possess 
components that are synchronous with waves traveling at the 
speed of light. 2 Alternatively, for nonradiative states, the 
charge density function must not possess space-time Fourier 
components that are synchronous with waves traveling at the 
speed of light. 

II. EL The Radiil Fanction 

Mills and Farrcll 1 do not solve for the radial function 
from Laplace's equation. Rather, they treat this as a bound- 
ary value problem and assume a delta function for the radial 

function: 

f(r) = 5(r-rJ . < 2 > 
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where r n is an allowed radius. [Note that the boundary con- 
dition for solution of the radial function of the hydrogen 
atom with the Schrodinger equation is ¥ - 0 as r- 0. Here, 
however, the boundary condition is embodied in Eq. (2).] 
Thus, this trial function implies that the allowed states are 
two-dimensional spherical shells (zero thickness) of charge 
density (and mass density) at specific radii r H . These shells 
are referred to as electron orbit spheres. When the form of 
the charge density function is known, the boundary condition 
(for nonradiation) can be applied to determine specific con- 
ditions for r m . Here, the results of Mills and Fan-ell 1 are 



(3) 



given: 






2r(nr x ) = 2rr n = n\ x = 


where 




n 


— 1,2,3,4, ... 


n 


= i« • • • 


Xi 


= allowed wavelength for n = 1 




= allowed radius for n = 1. 



There are several noteworthy features of Eq. (3): 

1. Values of n other than the traditional 1,2,3, .... are al- 
lowed. 

2. The potential energy is a constant (at a given n) be- 
cause the electron is at a fixed distance r H from the nucleus: 

4T€ 0 r« 

where Co is the permittivity of free space. 

3. The kinetic energy and velocity squared are constant 
because the atom does not radiate at r„ and the potential en- 
ergy is constant: 

T n = \m € vl . (5) 

4. The linear momentum must be constant: 

p n = ±m c v n . (6) 

5. The wavelength must be constant. Using the de Broglie 
relationship. 



x.-A~i- 

Pn Me"* 



(7) 



II. C. The Angular Function 

The radial function for the electron indicates that the 
electron is two-dimensional. Therefore, the angular mass den- 
sity function A(6 t 6J) of the electron must be a solution of 
the Laplace equation in two dimensions (plus time): 
x2 . 

(8) 



or 



xA(6.<t>,t) = 0 , (9) 

where v is the linear velocity of the electron. 

Conservation of momentum and energy allows the angu- 
lar functions and time functions to be separated: 

A(6.<t>.t) «* Y{B.<t>)K(t) . (10) 



Charge is conserved as well, and the charge of an electron can 
be superimposed on its mass. That is, the angular mass den- 
sity function A{8,4>J) is also the angular charge density 
function. 

The electron orbit sphere experiences a constant poten- 
tial energy because it is fixed at r = r m . To avoid being pulled 
into the nucleus, the orbit sphere must route. It is the rota- 
tion of the orbit sphere that causes angular momentum. The 
rotational energy of a rotating body is 

£n**w=J/« 2 . (ID 

where 

/ = moment of inertia 
v G) = angular velocity. 

The angular velocity must be constant (at a given n) because 
r is constant, and the energy and angular momentum are con- 
stant. The allowed angular velocities are related to the al- 
lowed frequencies by 

w „ = 2x^. 02) 
The allowed frequencies are related to the allowed velocities 
by 

v m = p n \„ . (13) 
The allowed velocities and angular frequencies are related to 
by 

(14) 
(15) 

(16) 



v m = r m u n , 
h 



™e r n 



and 



v m = 



m e r„ 



The magnitude of the angular momentum \L\ must be con- 
stant. The constant is h: 



\L H \ = m e v m r m - m e 



m t r m 



r„ = h 



(17) 



Thus, Eq. (9) becomes 

x A(9.4.t)=EAi6 9 *.n . (is) 

The space-time angular function A{8,6 t () is separated 
into an angular function and a 'time function, 
The time-harmonic function K(t ) - expOW) is a solution. 
[Here, again, the boundary condition (for nonradiation) de- 
termines the specific conditions for <j„.] When the time- 
harmonic function is eliminated, 

2/lshrf «V i»U sin : ^\6^ : Aj 

Equation (19) is the equation for the rigid rotor. The angu- 
lar function can be separated into a function of G and a func- 
tion of *, and the solutions are well known. 3 The energies 
arc given by 

**/(/+!) ,_ 0| , 3 



21 



(20) 
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The angular functions arc the spherical harmonics IT($,0). 
The spherical harmonic Y t (<t>,6) = I. s = J. is also a solu- 
tion. The spherical harmonics can be positive or negative (de- 
pending on 6): the most negative value is -L But the mass 
of the electron cannot be negative, and the charge cannot be 
positive. Thus, to ensure that the function is always positive 
or zero, the form of the angular solution must be 



r s (*,0) + I7(*.») . 



(21) 



where r s (<M) is called the angular spin function and 
Yf {<(>,$) is called the angular orbital function. The function 
Yr(4> 9 6) can be thought of as a modulation function. Thus, 
the angular momentum can be thought of as arising from a 
spin component and an orbital component that have corre- 
sponding energies. One result of this model for / = 0 (uniform 
charge (mass) density] is that some of the angular momentum 
(kinetic energy) is not counted in the spin angular momentum 
(rotational energy). That is, for any spin axis, there is an in- 
finite number of great circles with planes passing through that 
axis with angles other than 90 deg. All points on any one of 
these great circles are moving, but not all of that motion is 
pan of the spin angular momentum (rotational energy); only 
that motion perpendicular to the spin axis is part of the spin 
angular momentum (rotational energy). Thus, the spin angu- 
lar momentum (rotational energy) is always less than the total 
angular momentum (kinetic energy). The following relation- 
ships must hold: 

/cj * h , (23) 



md 



(24) 



Furthermore, it is known from the Stera-Gerlach experiment 
that a beam of silver atoms splits into two components when 
passed through an inhomogeneous magnetic field. The mea- 
sured spin angular momentum is 4\h, and the angular mo- 
mentum in the direction of the applied field is ±h/2. Given 
a uniform density of points traveling on great circles with a 
total angular momentum of h 9 it can.be shown that the pro- 
jection of the total angular momentum onto the spin axis is 
7j/L The Stem-Gerlach experiment implies a magnetic mo- 
ment of one Bohr magneton and an associated angular mo- 
mentum quantum number of i- Historically, this quantum 
number is called the spin quantum number m s% and that des- 
ignation is maintained. 

11.0, The Magnetic Field from the Spinning Orbit Sphere 

The orbit sphere is a spinning shell of negative charge. 
For / = 0, the orbit sphere gives rise to a magnetic moment 
of one Bohr magneton, 3 



P = — = 9.274 x 10- 24 J/T , 
2m e 



(25) 



and a magnetic field, 
eh 



H = 



eh 



-j (/ r cos0 — U sin0) , for /•</-„ (26) 
(^2cos0 - / # sin0) , for r> r H . (27) 



It can be shown 1 that the energy stored in the magnetic 
field of the electron orbit sphere is 

E mat = ™:, 3 - (28) 



ml** 



ILL Oeterminition of t m 

The onc-clectron orbit sphere is a spherical shell of neg- 
ative charge (total charge = -e) of zero thickness at a dis- 
tance r m from the nucleus (charge = +Zf). For the ground 
state (n 1). the centrifugal force of the electron is given by 

m t vf (2g . 

Jc&trifugel - — * 

r i 

The centripetal force is the Coulombic force /ow between 
the electron and the nucleus: 



Note that the magnetic field is a constant for r < r„. 



Jcoui 



where < 0 is the permittivity of free space. Thus, 



m,v} _ Ze 1 



Using Eq. (16). 



4Tt 0 /> 2 



The Bohr radius is substituted into Eq. (32): 



and 



fiO = 2 



r - ^ 



(30) 



(3D 



(32) 



(33) 



(34) 



ILF. Entrjy escalations 

The potential energy Vcan be calculated from the force be- 
tween the electron and the nucleus [Eq. (30)] and the radius r, : 



V = 



-Ze 1 -Z*e 



2„2 



4« 0 '"i 4« 0 <io 
= -Z 1 x 27.2 eV 



= -Z 2 x 4.3675 x lO -11 J 



(35) 



Because this is a central force problem, the kinetic energy T 
is -\V: 

T= =Z 2 x 13.159 eV . (36) 

8t<o0o • 

The same result can be obtained from 7* = \m t v} and 
Eq. (16). , . 

Alternatively, the kinetic energy, which is equal to Uie 
stored electric energy can be calculated from 



1 f 1 , 

r = £„, = --<oJ **dv . 



(37) 



where 



Ze 



Mills and Kncizys AQUEOUS PC jSIUM CARBONATE ELECTROLYTE 



Thus, as the orbit sphere shrinks from oo to r u 
8t< 0 J- r l 



= = Z 2 X 2.1837 x 10- |S J 

%Tt 0 a 0 

= Z 1 x 13.589 cV . 
HL EXCITEO STATES OF THE ONE-ELECTRON ATOM 



(38) 
(39) 

(40) 



It is well known that resonator cavities can trap electro- 
magnetic radiation of discrete resonant frequencies. The or- 
bit sphere is a resonator cavity and can trap photons of 
discrete frequencies. Thus, photon absorption occurs as an 
excitation of a resonator mode. 

An electron in the ground state (n = 1) is in force 
balance: 



m e vf 



Zf 3 



4x€orf 



(41) 



When an electron in the ground state absorbs a photon of 
sufficient energy to take it to a new nonradiative state (n = 
2, 3 f 4, . . . ). force balance must be maintained. This is possi- 
ble only if = Z/n; therefore. 



4X60^ 



1 • 



(42) 



The reduction of the charge from Ze to Ze/n is caused by 
trapping a photon in the orbit sphere cavity -a spherical cav- 
ity. The photon's electric field creates standing waves in the 
cavity with an effective charge of (-1 + \/n)Ze (at r„). The 
total charge experienced by the electron is the sum of the pro- 
ton and photon charge components. The equation for these 
trapped photons can be solved as a boundary value problem 
of Laplace's equation. ■ 

For the hydrogen atom, the boundary conditions are that 
the radial electric field of the photon at r„ is 

= + ,43) 

The general form of the solution to Laplace's equation in 
spherical coordinates is 



/-0 m«-/ 



(44) 



All /4/, m are zero because the electric field given by the po- 
tential must be inversely proportional to the radius to obtain 
force balance. The electric field is the gradient of the po- 
tential: 

(45) 



and 
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6* r 

6r 



(46) 



Thus, 

(47) 

Given that €(proton) = +e/4Tc 0 ^ and that the electric 
fields of the proton and photon must superimpose to yield a 
field equivalent to a central point charge of +Ze//i f the pho- 
ton electric field for each mode is determined as follows. The 
angular part of the charge density function of the orbit sphere 
at force balance must be in phase with the electric field of the 
orbit sphere because the relationship between the total elec- 
tric field equation and the photon charge density function is 
given by Maxwell's equation in two dimensions: 



where 



n-(€|-€ 2 ) = - . 

«0 



n - normal unit vector (i r ) 



(48) 



e t = 0 » electric field outside of the orbit sphere 
€ 2 = total electric field at r m = nao 
a = surface charge density. 

Thus, 

— ; ( -1 + - Re(/[ rr (*.*) + JT'(*.*)])) 

(49) 



4T€n 



= 2 Z -B Lm {l+lHna 0 r lUli 

1-0 mm -I 

x Re(/ rrn*.*) + >T'(<m>]i . 



(50) 



for 



it — 2,3,4, ... 

1=1,2 n- 1 

m = -/.-/+ 1 0 +1 . 



and 



= — e l — 7 (-i + - Rei/[>r(<M)+ Yr'it.m) . 

4tco(/i<*o) \ « ' 



Therefore, 



t-o m--/ 4t <0 (/+1)\ "/ 

e(na 0 )' 1 



(51) 



(52) 



and 



4t€ 0 r 



x + i Re|i{17W> + 17"(*.»)H) • 

(53) 
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where 



tirtotot = sum °f thc P noton an <* proton electric fields: 



total ~~ 



e(na 0 )' I 



(54) 



p or r - nao% the magnitude of the total radial electric field is 
and 



_ I 

tie total ~ 



/I 4tc 0 (Mo) 2 



(56) 



For quantum numbers /i, /. and /n, the potential functions are 
solutions to Laplace's equation. All boundary conditions are 
met for the corresponding electric fields. Thus, Eq. (54) is the 
solution of the excited modes of the resonator cavity (orbit 
sphere). And, the quantum numbers of the electron arc n 9 /, 
m(m t ), and m s , as described in Sec. II. 

The energy of the photon that excites a mode in a station- 
ary spherical resonator cavity from radius to radius na^ is 



pkonm 4t€ 0 <*o\ h 2 / 



(57) 



(58) 



After multiplying Eq. (57) by 

* a ° — ^ Tg o^ 2 
a 0 e 2 m € a 0 

where a 0 is given by Eq. (33), u photo* k 

In the case of an electron orbit sphere, the resonator possesses 
kinetic energy before and after the excitation. The kinetic en- 
ergy is always one-half of the potential energy. As a result, 
the energy and angular frequency to excite an electron orbit 
sphere is only one-half of the values in Eqs. (57) and (58). 

The angular velocity of an electron orbit sphere of radius 
na Q is 



m e (na 0 ) 2 



(59) 



orbit sphere is one-half of the excitation energy of the station- 
ary cavity because the change in kinetic energy of the electron 
orbit sphere supplies one-half of the necessary energy. The 
photon can carry zero or ±h units of angular momentum 
[Eq. (17)). Thus, during excitation, the spin, orbital, or to- 
tal angular momentum of the orbit sphere can change by zero 
or ±h. The electron transition mles arise from conservation 
of angular momentum. The radius of an orbit sphere in- 
creases with the absorption of electromagnetic energy. On 
ionization, the orbit sphere radius goes to infinity, and the 
electron is a plane wave (consistent with double-slit experi- 
ments) with a de Broglie wavelength of X = h/p. 

IV. PAIR PRODUCTION 

• 

Matter and energy are interconvertible and are, in es- 
sence, different states of the same entity. The state, matter 
or energy, is determined by the laws of nature and the prop- 
erties of space-time. A photon propagates according to Max- 
well's equations at the speed of light in space-time with 
intrinsic impedance n- Matter as a fund amenta l particle is cre- 
ated in space-time from a photon. Matter obeys the laws of 
special relativity, the relationship of motion to space-time, 
and space-time is curved by matter according to the laws of 
general relativity. Relationships must exist between these laws 
and the implicit fundamental constants. The conversion of 
energy into matter requires a transition state in which the 
identification of the entity as matter or energy is impossible. 
From the properties of the entity, as matter or energy, and 
from the physical laws and the properties of space-time, the 
transition state hereafter called a virtual orbit sphere is de- 
rived. 

For example, a photon of energy 1.02 MeV becomes a 
positron and an electron in the presence of charge. This phe- 
nomenon, called pair production, involves the conservation 
of mass/energy, charge, and angular momentum. Pair pro- 
duction occurs as an event in space-time where all boundary 
conditions are met according to the physical laws: Maxwell's 
equations, Newton's laws, and Einstein's special and general 
relativity, where matter and energy are indistinguishable by 
any physical property. Matter exists as orbit spheres; thus, the 
conversion of energy to matter must involve the orbit sphere 
equations derived earlier. It must also depend on the equa- 
tions of electromagnetic radiation and the properties of space- 
time because matter is created from electromagnetic radiation 
as an event in space-time. 

Matter and light obey the wave equation relationship: 



The change in angular velocity of the orbit sphere for an ex- 
citation from n = 1 to n = n is 



) 2 m € (a Q ) 2 \ n 1 ) 



(60) 



m r (ao) 2 rn t {na Q ) 2 
The kinetic energy change of the transition is 

1 « c (A«i) 2 = J j^— (l - = ±A« . " (61) 

2 2 4« 0 fl 0 \ n x ) 2 

The change in angular velocity of the electron orbit sphere 
(Eq. (60)1 is identical to the angular velocity of the photon 
necessary for the excitation [Eq. (58)1 . The energy of 

the photon to excite the equivalent transition in an electron 



t/ = X 



2x 



(62) 



The boundary condition for nonradiation by a virtual orbit 
sphere is 

2x(0 ■«2*(/irr)=/iXT=x; , (63) 



where 



or 



n = 1.2,3,4,. 



n = i.U 

and where r* and \ 9 are the allowed radii and wavr<engths 
for the virtual matter in question. 

The relationship between the potential energy of an 
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electron orbit sphere and the angular velocity of the orbit 
sphere is 



(64) 



It can be demonstrated that the velocity of the electron 
orbit sphere satisfies the relationship for the velocity of a 
wave by substitution of Eqs. (3) and (15) into Eq. (62), which 
gives Eq. (16). Similarly, the relationship among the veloc- 
ity of light in free space c f frequency « t and wavelength X is 



c-\— , 
2x 



(65) 



and the energy of a photon of frequency w is 

£ = h<* . (66) 

Recall from Sec. Ill that a photon of discrete frequency o> can 
be trapped in the orbit sphere of an electron that serves as a 
resonator cavity of radius r„ where the resonance excitation 
energy of the cavity is given by Eq. (64). 

The angular velocities of the orbit sphere and trapped 
photon are the same, and the ratio of their linear velocities is 



Cphoto 



^photon 



] photo* 

2r 



^photon 



(67) 



where the subscripts n refer to orbit sphere quantities. 

Consider a virtual electron orbit sphere, which is defined 
as the transition state between light and matter where light 
and matter are indistinguishable. For this case, the velocity 
of the electron virtual orbit sphere is the speed of light in the 
inertial reference frame of the photon that formed the virtual 
orbit sphere. Substituting c for v n in Eq. (62), X„ given by 
Eq. (3) (where r t is given by Eqs. (32) and (33)] for X, and of 
w„ given by Eq. (15) for w results in 



c = 2xna 0 



m e (na 0 y 



Maxwell's equations provide that 



-(-r 



(68) 



(69) 



The result of substituting Eqs. (33) and (69) into Eq. (68) is 



n 



1/2 



m e ca 0 



4re 0 h 2 4r\€©/ h * 



(70) 

In fact, a is the fine-structure constant (a dimensionless 
constant for pair production). 5 The experimental value is 
However, by the boundary condition for nonradi- 
ation [Eqs. (3) and (63)] l/n must be 1 divided by an integer. 
That integer is exactly 137. 

The permeability fio of free space is defined as 4x x 10 7 
N/A" 2 . The experimental permittivity « 0 °f ^ TCC space is ex- 
tremely close to 1/36* x 10" 9 F/m, and the experimental 
value of e l /h is extremely close to jjfo. 

To match the boundary condition (Eq. (3)1, h/e 2 = 
4110 = (30)037) exactly, and < 0 = 1/36* x 10* 9 F/m ex- 
actly. 



In a similar fashion, the intrinsic impedance of free space 
can be calculated as 



-(sr- 



4r X 10" 



_1_ 
36t 



x 10 



-9 



= I20xQ 



and the speed of light is determined to be exactly 



c = 



1 



= 3 x 10* m/s . 



(71) 



(72) 



(Mo<o) l/2 

The result that c is exactly 3 x 10* m/s may appear counter- 
intuitive given the arbitrary nature of the definitions of me- 
tres and seconds. However, mks units are not arbitrary. They_ 
are defined according to mutually dependent relationships be- 
tween the constants and the electric and magnetic force laws. 
The units take on significance by the definition of mo in 
terms of Newtons per square ampere. It can be demon- 
strated 1 that this definition fixes the exact value of the con- 
stants and gives rise to an exact definition of the second, 
metre, and kilogram. 

The radius of the virtual electron orbit sphere is a 0 A37 9 
and the potential energy V is given by Eq. (64), where n 

(137)V 



V= — 



4tc 0 £o 



(73) 



Substituting 



a 0 = 



4t€ 0 A 3 



m e € 2 

(30)(137) , 

1/2 



and 



<=(-)' 



1/2 



into Eq. (73) results in 



V=m e c 2 



(74) 



Furthermore, the result of the multiplication of both sides of 
Eq. (15) by A, r„ = na 0t and substituting 



a 0 = 



4t€ 0 A 2 
m £ e 2 

= (30)(I37) . 

■(sr- 



I20x 



and 



yields 



c = 



(-r 



(75) 



70 



FUSION TECHNOLOGY VOL. 20 AUG. 1991 



Mills and Kneizys 



AQUEOUS POTASSlo.** CARBONATE ELECTROLYTE 



The relativistic factor, 
y = 



[-(-:)]"" 



Thus, the resonance frequency of a virtual electron orbit 
sphere is 

i i 



for an orbit sphere at radius rVl37 (a 0 /l37 for the electron) 
is It. The energy stored in the magnetic field of the electron 
orbit sphere is 



(m,)V2 



(76) 



As a result of substituting a c AYI for r„, 137 for 2^ (recall 
that r„ = ao/Ztf), the relativistic mass 2rm, form,. 

4« 0 /t 2 



tn t € 



4 = (30)(137) , 



and 



is 



-ter- 

-(-r 

\<0W>/ 



120t . 



-9 



= 120x 



(LC) 



t/i 



( ao aoV : 
l <0 m M0 T3lj 



(81) 



Using 



4x< 0 /i 
m e e' 

(30) (137) . 
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and 



then 
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Thus, the energy stored in the magnetic field of the vir- 
tual electron orbit sphere equals the electrical potential energy 
of the virtual orbit sphere. The magnetic field is a relativis- 
tic effect of the electrical field; thus, equivalence of the po- 
tential and magnetic energies when v = c is given by speaal 
relativity where these energies are calculated using Maxwell s 
equations. The energy stored in the electric and magnetic 
fields of a photon are equivalent. The corresponding equiv- 
alent energies of the virtual orbit sphere are the dectncal po- 
tential energy and the energy stored in the magnetic field of 

the orbit sphere. . . . • • • 

Space-time is an electrical LC circuit with an intrinsic im- 
pedance of exactly 

/ 4x x 10- 7 xin 

The circumference of the virtual electron orbit sphere is 
2xOo/137. The relativistic factor for the radius of a 0 A31 is 
2x- thus due to relativistic length contraction, the total ca- 
pacitance of free space of the virtual orbit sphere of radius 
o 0 /137 is 



Thus, the LC resonance frequency of free space for a virtual 
electron orbit sphere equals the angular frequency of the pho- 
ton that forms the virtual orbit sphere. 

The impedance of any LC circuit goes to infinity when it 
is excited at the resonance frequency. Thus, the electron vir- 
tual orbit sphere is an LC circuit excited at the correspond- 
ing resonance frequency of free space. The impedance of free 
space becomes infinite, and electromagnetic radiation cannot 
propagate. At this event, the frequency, wavelength, veloc- 
ity, and energy of the virtual orbit sphere are equal to that of 
the photon. The mass/energy of the electron virtual orbit 
sphere is exactly the rest mass at infinity. Thus, a real orbit 
sphere electron is formed at infinity (wiih zero velocity) from 
the electron virtual orbit sphere in the presence of a central 
electric field of 



€ = 



+e 



4xt 0 /"* 
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where < 0 is the capacitance of space-time per unit length 
(farad per metre). Similarly, the inductance is 



L = 



737 Mo 



2t 



= /i<) 



a 0 

137 ' 



(80) 



where fio is the inductance per unit length (henry per metre). 



where all of the electron virtual orbit sphere equations devel- 
oped herein apply to this centrai field. 

Actually due to conservation of charge, a positron and 
an electron are formed of two photons of energy equal to the 
rest mass/energy of the electron. (Photons superimpose; thus, 
pair production occurs with a single photon of energy equal 
to twice the rest mass of an electron.) 

For pair production, angular momentum is conserved. 
All photons carry ft angular momentum, and the angular mo- 
mentum of all matter as orbit spheres is A [see Eq. (17)1. The 
radius of particle creation is r,Vl37. This radius .s equal 
to the Compton wavelength bar X,. where X* = A/ ?c " 
arises naturally from the boundary condition of no radiation 
[Eos (3) and (63)1. (*»><" * = rh >• dc Brogbe . relat ?° 
Ship [Eg ,0)]. and I the fact that the velocity of the virtual or- 

bit sphere equals c: 

r' - A = X (84) 
r 1/1,7 ~ mc K ' 

The correct prediction of electron and positron creation (pair 
production) having a dimensionless cross section of rfj es- 
tablishes the validity of electron states corresponding to frac- 
tional quantum numbers. In Sec. V. it is demonstrated that 
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the transition to fractional quantum states and the resulting 
"shrunken" atoms account for the phenomenon called cold 
fusion. 



V. HECTER AND C0UL0MB1C ANNIHILATION FUSION 
(COLD FUSIONI 



For the hydrogen atom, the radius of the ground-state or- 
bit sphere is a 0 . This orbit sphere contains no photonic 
waves, and the centripetal force and the Coulombic force bal- 
ance. Thus, 



(85) 




4T€ 0 ff£ 



It is shown in Sec. Ill that the electron orbit sphere is a 
resonator cavity that can trap electromagnetic radiation of 
discrete frequencies. The photon potential functions are so- 
lutions of Laplace's equation. The photons decrease the nu- 
clear charge to I/n and increase the radius of the orbit sphere 
to /ia 0 . The new configuration is also in force balance: 



m e v t 



e l /n 



na 0 4r« 0 (/ifl 0 ) 2 



(86) 



Mills and Farrell 1 propose, however, that the orbit sphere 
resonator can trap photons that increase the nuclear charge 
and decrease the radius of the orbit sphere. This occurs, for 
example, when the orbit sphere couples to another resonator 
cavity that can absorb energy— this is the absorption of an 
energy hole. The absorption of an energy hole destroys the 
balance between the centrifugal force and the increased cen- 
tral Coulombic force. As a result, the electron is pulled to- 
ward the nucleus. If another allowed state that obeys the 
boundary conditions is not available, the electron plunges 
into the nucleus. 

Now, recall that, for the He* ion (Z = 2, a one-electron 
atom), an allowed state exists at 0.5a 0 . It can be shown that 
if a ground-state hydrogen atom emits a photon of -27 eV, 
two photons are created— one is ejected and one remains in 
the orbit sphere. The photonic wave in the orbit sphere cre- 
ates an effective charge at the orbit sphere such that the elec- 
tron experiences an effective charge of +2e and establishes 
a new ccntripctal/Coulombic equilibrium at r xn = 0.5a 0 . 
That is, the orbit sphere shrinks from r, = a 0 to r xn = a Q /2: 



V - — 



4T€ 0 f, 



n 



2 x 2e 2 



= -4 x 27.178 eV = -108.70 eV 



(87) 



drogen atom that excites resonator modes of radial dimen- 
sions a 0 /(m + I) is 



where 



m x 27.2 eV . 



m = 1,2,3,4, . . . 



(89) 



After resonant absorption of the hole, the radius a 0 of 
the orbit sphere shrinks to Qo/(m + I ) f and after p cycles of 
resonant shrinkage, the radius is a 0 /(mp +1). 

In other words, the radial ground-state field can be con- 
sidered as the superimposition of Fourier components. The re- 
moval of negative Fourier components of energy m x 27.2 e V f 
where m is an integer, gives rise to a larger positive electric - 
field inside the spherical shell, which is a time-harmonic 
solution of Laplace's equations in spherical coordinates. In 
this case, the radius at which force balance and nonradiation 
are achieved is a Q /(m + I), where m is ah integer. In de- 
caying to this radius from the ground state, a total energy of 
I(m + I) 2 - I 2 ] x 13.6 eV is released. The process is here- 
after referred to as hydrogen emission by catalytic thermal 
electronic relaxation (HECTER). 

The electric field of a hydrogen atom, or a deuterium 
atom, is zero for r> r„, where r H is the radius of the orbit 
sphere of the electron. Thus, as the orbit sphere shrinks, ap- 
proaching nuclei experience a smaller Coulombic barrier, and 
the internuciear distance (between two deuterium atoms, for 
example) shrinks as well. As the internuciear separation de- 
creases, fusion is more probable. In muon-catalyzed fusion, 
for example, the internuciear separation is reduced by -200 
(the muon-to-elcctron mass ratio), and the fusion rate in- 
creases by -80 orders of magnitude. In a catalytic system that 
produces energy holes of 27.21 eV, deuterium atoms can be 
repeatedly shrunk, and the internuciear separation can be 
much smaller than the muon reduction. These smaller inter- 
nuciear distances yield much higher fusion rates. Mills and 
Farrell 1 call this fusion process Coulombic annihilation fu- 
sion (CAF)- 

It is important to note that the products of CAF are tri- 
tium, 3 H, and protons, 'H. In hot fusion, deuterium nuclei 
collide randomly and produce -50^o 3 H plus 'H and -50«7o 
3 He plus a neutron. In CAF, however, the nuclei are mov- 
ing slowly and will collide in the most favored Coulombic 
arrangement — with the two protons as far from each other 
as possible. Thus, for CAF, significantly more 3 H will be 
produced than 3 He. 

Titanium(Il) is one of the catalysts that can cause reso- 
nant shrinkage because the third ionization energy is 27.49 eV 
[m - 1 in Eq. (89)]. Thus, the shrinkage cascade for the p'th 
cycle is 



27.491 eV + Ti : * + : H ^ j - Ti 3 



+ e~ + *H 



+ [(/>+ D 2 -P : ] x I3.6cV 



and 



The kinetic energy of the shrunken orbit sphere is -< V or 
T = 54.35 eV. The ground-state hydrogen atom has a net en- 
ergy of -13.59 eV, and the final hydrogen atom has a net 
energy of -54.42 eV (the same as He*), and A£ = -40.83 
eV for the reaction 

H(Z r// = I;r, =fl 0 )-H(Z f// = 2;r l/2 = 0.5a 0 ) . (88) 

That is, -27 eV is lost with the absorption of the energy hole, 2 H f — J — -H °° 
and - 14 eV is given off after absorption of the energy hole. * p ' I (P + *) 

It is shown later that the resonance energy hole of a hy- 



<p + nj 

(90) 



Ti 3 * + e' - Ti 2 * + 27.491 eV . 



(91) 



The overall reaction is 



+ ((p + D : 



p 2 } x 13.6 eV . 

(92) 
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Note that the energy given off as the atom shrinks is much 
ercater than the energy lost to the energy hole, and the energy 
released is large compared to conventional chemical reactions. 

Rubidium(I) is also a potential catalyst. The second ion- 
ization energy is 27.28 cV: 



At force balance. 



h 1 _ Z« f e l 



(101) 



27.28 eV + Rb* + 



=„(5)_ Rb ^- + . H [^] 



and 



+ [(p+D 2 -P : ]xI3.6cV 

Rb l * + <r _ -Rb* + 27.28 eV 



(93) 



(94) 



The overall reaction is the same as Eq. (92). 

Less efficient catalytic systems hinge on the coupling of 
three resonator cavities. For example, the third ionization en- 
ergy of palladium is 32.93 eV. This energy hole is obviously 
too high for resonant absorption. However, Li(I) releases 
5 392 eV when it is reduced to Li. The combination of Pd(II) 
to Pd(III) and Li(I) to Li, then, has a net energy change of 
27.54 eV: 

27.54 eV + LT + Pd^ + H^) 

+ l(P + l) 2 -" 2 ] x 13.6 eV (95) 

and 

Li + Pd 3+ -> Li* + Pd 2+ + 27.54 eV . (96) 

The overall reaction is the same as Eq. (92). 

An efficient catalytic system that hinges on the coupling 
of three resonator cavities involves potassium. For example, 
the second ionization energy of potassium is 31.63 eV. This 
energy hole is obviously too high for resonant absorption. 
However, K(l) releases 4.34 eV when it is reduced to K. The 
combination of K(I) to K(II) and K(I) to K, then, has a net 
energy change of 27.28 eV. 

27.28 eV + K + + K* + 2 h(^) 

+ [(p + I) 2 -* 2 ] x 13.6 eV (97) 
K + K 2 * K* + K* + 27.28 eV . (98) 



Shrinkage occurs because the effective nuclear charge in- 
creases by an integer m when Eqs. (99). (100). and (101) are 
satisfied by the introduction of an energy sink of a coupled 
resonator, such as an electron orbit sphere resonator cavity 
comprising an electrochemical couple. The coupled resona- 
tor provides energy holes and affects the shrinkage transition 
from the initial radius a Q /{mp + 1) and a nuclear charge of 
(mp + I) to the second radius \a 0 /[m(p + 1) + 111 and a 
nuclear charge of m(p + 1) + 1. Energy conservation and the 
boundary condition that trapped photons must be a solution 
to Laplace's equation determine that the energy hole to cause 
a shrinkage is given by Eq. (89). As a result of coupling, the 
deuterium atom emits a photon of m x 27.21 eV, and this 
photon is absorbed by the coupled resonator. Stated another 
way, the deuterium atom absorbs an energy hole of m x 
27.21 eV. The energy hole absorption causes a second pho- 
ton to be trapped in the deuterium atom electron orbit sphere. 
Recall from Sec. Ill that electromagnetic radiation of discrete 
energy can be trapped in a resonator cavity. As shown pre- 
viously, the photonic equation must be a solution of La- 
place's equation in spherical coordinates. The photon field 
comprises an electric field that provides force balance and 
a nonradiative orbit sphere. The solution to this boundary 
value problem of the radial photon electric field is given by 

( -^(-l+n[rr(*.«>+ Y? 9 W • 



photon }J,m 



4xc 0 r % 



(102) 



It is apparent from this equation that, for / = 0 and given 
an initial radius of [a 0 /(mp + 1)1 and a final radius of 
[a 0 /[m{p + I) + 111. the nuclear charge is increased by m 
with the absorption of an energy hole of m x 27.2 eV. The 
potential energy decreases by this energy; thus, energy is con- 
served. However, the force balance equation is not initially 
satisfied as the effective nuclear charge increases by m. Fur- 
ther energy is emitted as force balance is achieved at the fi- 
nal radius. By replacing the initial radius with the final radius 
and by increasing the charge by m in Eq. (101), 



[m(p + D+ I] 3 



and 



= [m(p + I) + U : 



\[m{p + 1) + l]e\e 



(103) 



The overall reaction is the same as Eq. (92). 

In general, absorption of an energy hole causes the orbit 
sphere to undergo a transition from one stable nonradiative 
radius to another stable nonradiative radius. The Coulombic 
force is attractive; thus, the orbit sphere shrinks when the ef- 
fective nuclear charge increases. The orbit sphere has an ini- 
tial radius r„, initial effective nuclear charge Z^, and initial 
velocity u m given by the condition for nonradiation: 



2r(nr x ) = /iX| , n = 1, !,}.!. 



and 



(99) 



(100) 



m t na 0 



force balance is achieved and the orbit sphere is nonradiative. 

The energy balance for m = I is as follows. An initial en- 
ergy of 27.21 eV is emitted as the energy hole absorption 
event. This increases the effective nuclear charge by one and 
decreases the potential by 27.21 eV. More energy is emitted 
until the total energy released is [(p +lr-Pl x f \/ 

In general, the resonance energy to cause shrinkage or tne 
radius from a Q to a<>/(m + 1) is m x 27.21 eV. where m - 
1.2,3,4. The resonant absorption of this energy hole causes 
the effective nuclear charge to increase by m. And, the energy 
released in going from infinity to a 0 /{m + 1) is (m + 1) x 
(m + 1) x 13.6 eV or (m + I) 2 x 13.6 eV. 

Energy holes add. The corresponding effective charges re- 
sulting from the absorption of energy holes also add. Thus, 
any combination of energy holes that sums tomx 27.21 ev. 
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where m is the same as the m for the final radius (a 0 /m + 1 ) 
leads to shrinkage to the same final radius of the orbit sphere. 

VI. METHODS 

A search for excess heat during the electrolysis of aque- 
ous potassium carbonate (KVK* electrocatalytic couple) 
was investigated using single-cell, silvered, vacuum-jacketed 
dewars. To simplify the calibration of these cells, they were 
constructed to have primarily conductive heat losses. Thus, 
a linear calibration curve was obtained. Three methods of dif- 
ferential calorimetry were used to determine the cell constant, 
which was used to calculate the excess enthalpy: 

1 . The cell constant was calculated during the experiment 
(on-the-fly-calibration) by turning an internal resistance 
heater off and on and inferring the cell constant from the dif- 
ference between the losses with and without the heater. 

2. The cell constant was determined wMmio electrolysis 
processes occurring by turning an internaHresistance heater 
off and on for a well-stirred dewar cell and inferring the cell 
constant from the difference between the losses with and 
without the heater. This method overestimates the cell con- 
stant because there is no gas flow (which adds to the heat 
losses). 

3. In the third method, rather than keeping the ambient 
temperature constant while raising the cell temperature with 
heater power input, the ambient temperature was lowered 
and heater power was applied to maintain a constant cell tem- 
perature. This method caused the least perturbation to tem- 
perature-dependent electrochemical processes. 

The general form of the energy balance equation for the 
cell in steady state is 



0 = Pappi ' + Qhtr + Go ~ Pf, " Qi 



Class 



(104) 



where 



P ttppi = electrolysis power 

Qhtr = power input to the heater 

Qxs - excess heat power generated by an unknown 
process 

Pgas - power removed as a result of evolution of H 2 
and 0 : gases 

Qtoss = thermal power loss from the cell. 

When an aqueous solution is electrolyzed to liberate hydro- 
gen and oxygen gases, the electrolysis power (= E^l} 
can be partitioned into two terms: 

An expression for P^ (= E t<a I) is readily obtained from 
the known enthalpy of formation of water from its elements: 

_ -AH /omt 

where F \s Faraday's constant, which yields £ ftff = 1.48 V for 
the reaction 

H : 0 - H 2 + [0 2 . 

The net Faradaic efficiency of gas evolution is assumed to be 
unity; thus, Eq. (105) becomes 

(E apP i- 1.48 K)/ . (106) 



The cell was calibrated for heat losses by turning an internal 
resistance heater off and on while maintaining constant elec- 
trolysis and by inferring the cell conductive constant from the 
difference between the losses with and without the heater, 
where heat losses were primarily conductive losses through 
the top of the dewar. When the heater was off, the losses 
were given by 

c(T c - T b ) = Pappi + 0 + - P^ . (107) 

where 

c = conductive heat loss coefficient 

T b = ambient temperature 

T c = cell temperature. 

When a new steady state is established with the heater on, the 
losses change to 

c{T' e - T b ) =P' appl + Q*,r +Q^-P'r*, . (108) 

where a superscript prime indicates a changed value when the 
heater was on. When the following assumptions apply, 

Peppi — Pmppi t 



and 



P = P' 

* gas 1 gas 



the cell constant a , the reciprocal of the conductive loss co- 
efficient c, is given by 



a — 



(109) 



ihtr 



Also, the slope of the plot of AT = T c - T B versus P T = 
Qhtr + Peril is the cell constant: 



a = 



AP T 



(110) 



VIL EXPERIMENTAL 



An electrolytic cell was assembled comprising a 500- ml, 
silvered, vacuum-jacketed dewar with a 5-an opening covered 
with a b.75-in.-thick tapered rubber stopper (vessel A) fitting 
0.25 in. into the dewar mouth or a 200- ml, silvered, vacuum- 
jacketed dewar with a 3-cm-diam opening covered with Para- 
film (vessel B). 

The cathode was a 7.5-cm-wide x 5-cm-long x 0.125- 
mm-thick nickel foQ (Aldrich 99.9+ Vo) spiral with a 9-mra di- 
ameter and 2-mm pitch with a nickel lead strip (cathode A) 
or a 5-an-long x 0.75-cm-diam graphite rod with a 0.127-mm 
platinum lead (cathode B). The nickel cathode was prepared 
by tightly rolling the nickel foil about a 9-mm rod. The rod 
was removed, and the spiral was formed by partially unroll- 
ing the foil. 

The anode was a 10-cm x 1-mm-diam spiraled platinum 
wire (Johnson-Matthcy) with a 0.127-mm platinum lead wire 
(anode A) or a 2.5-cm-diam x 7.5-cm-high platinum basket 
with a l-mm-diam platinum lead wire, (anode B). When an- 
ode A was utilized, the cathode/anode separation distance 
was 1 cm. When anode B was used, the cathode/anode sep- 
aration distance was 1.2 cm. 

The electrolyte solution was 100 ml of 0.57 M aqueous 
K 2 COj (Aldrich K 2 CO, • jH 2 0 99+*) (solution A) or 
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100 ml of 0.57 M aqueous Na 2 COj (Aldrich Na 2 COj Amer- 
ican Chemical Society primary standard 99.95+Vo) (soiu- 

t *° n *nic resistance heater used during calibration and oper- 
ation comprised a 100 or 10.5 Q, I precision metal oxide re- 
sistor in a 2-mm-o.d. Tenon tubing powered by a variable 
direct current (dc) voltage power source (±0.5Vo). 

A constant dc current (±0.1 Vo) was provided by the cir- 
cuit shown in Fig. 1 (mode Q. A constant dc voltage power 
supply (±0.5*o) was used directly in the continuous current 
mode (mode B). A power controller with the circuit shown in 
Fig. 2 was used to provide intermittent current (mode A). The 
current voltage parameters were an intermittent square-wave 
with an offset voltage of -2.2 V, a peak voltage of -2.75 V # 
a peak current of - 175 mA, an -35<fc duty cycle, and a fre- 




Fig. I. Schematic of the circuit used to provide constant dc 
current. 



quency of -500 Hz. The voltage and current waveforms are 
shown in Figs. 3 and 4, respectively. 

In stirring mode A. the electrolyte solution was stirred 
with a 7-mm x 2-cm spheroidal ellipse magnetic stirring bar 
that was spun by a 6-cm-long open magnet mounted on an 
open shaft revolving at 750 rpm under the dewar. The shaft 
was that of an open mixing motor (Flexa-Mix model 76, 
Fisher). The temperature correction for the Joule heating of 
stirring was determined from an identical experimental appa- 
ratus that was only stirred. 

In stirring mode B, the electrolyte solution was stirred by 
a 2-cm-wide x 1 -cm-high glass paddle connected to a 40<m- 
long x 5-mnvo.d. glass rod that entered the dewar vertically 
through a 6-mm-i.d. vacuum greased glass tube implanted 
through the rubber stopper covering the dewar. The rod was 
rotated at 380 rpm by a mixing motor (Lightnin model L, 
Mixing Equipment Company) controlled by X variable auto- 
transformer (Powerstat model 1 16B). The temperature cor- 
rection for the Joule heating of stirring was determined by 
stirring the electrolyte and measuring its temperature relative 
to the temperature of an unstirred matched cdl before initiat- 
ing an experiment. Otherwise, the experiments were stirred 
by gas sparging from the gases produced during electrolysis. 

Nickel cathodes were initially operated in reverse polar- 
ity with a continuous or time-averaged current of 80 mA for 
30 min to break in a new cathode. This operation conditions 
the electrode and makes the electrolysis more surface uni- 
form. Following any change in heater power, an intentional 
ambient temperature change, or commencement of electrol- 
ysis, time was allowed for the cell tcmperarure to establish a 
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Fig. 2. Schematic of the circuit used to provide intermittent (on/off) dc voltage. 
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Fig. 3. Voltage versus lime oscilloscope trace of the circuit of Fig. 2. 
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Fig. 4. The current versus time oscilloscope trace of the circuit of 
Fig. 2. 



new steady state before data were recorded. The time for the 
temperature to stabilize following the commencement of elec- 
trolysis was typically 12 h. The time for the temperature to 
stabilize following an increase of heater power of -0.3 W 
was -4 h for cells with no electrolysis and for electrolytic cells 
operating for > 12 h. The dewar was agitated prior to a tem- 
perature reading to ensure thorough thermal mixing. 

The outside of the vessel was maintained at ambient air 
temperature, which was monitored, and the difference be- 
tween cell and a matched nonopcrative cell was determined 
with a thermometer (±0.1 °C). Ambient temperature fluctu- 
ations per 24 h were typically <0.5°C. (The matched non- 
operative cell was structurally and chemically identical, but 
the electrolysis current was zero and the heater power was 
zero. In the case of stirring mode A, the matched nonoper- 
ative cell was stirred identically.) 

For another method, rather than keeping the ambient 
temperature constant while raising the cell temperature with 



heater power input, the ambient temperature was lowered by 
adjusting the thermostatic control of the room temperature, 
and heater power was applied to maintain an approximately 
constant cell temperature. The room temperature and heater 
power were adjusted until the excess heat before and after the 
change in ambient temperature were equal. The ambient tem- 
perature reached a steady-state temperature (±0.1°C) in 8 h, 
and the ceil reached a steady-state temperature (±0.1 °C) 4 h 
later. The temperature difference between the cell and a 
matched nonopcrative cell was determined with a thermom- 
eter (±0.1 °Q. 

For circuit A, peak voltage measurements were made with 
an oscilloscope (BK model 2120), and the rime-averaged cur- 
rent was determined from a multimeter voltage measurement 
(±0.24b) across a calibrated resistor (1 Q) in series with the 
lead to the cathode. The waveform of the pulsed cell was a 
square wave. Since there was current only during the peak 
voltage interval of the cycle, P appl [Eq. (105)1 given by the 
product of the peak voltage and the peak current and the 
duty cycle, which is the product of the peak voltage and 
the time-averaged current. In circuit B, voltage across the cell 
was measured with the multimeter, and the current was de- 
termined from the multimeter voltage measurement across a 
calibrated resistor (1 Q) in series with the lead to the cathode. 
For this mode, [Eq. (105)1 k gi v «* by the product of 
the constant voltage and the constant current. 

VIII. RESULTS 

A summary of the results of the excess enthalpy released 
during the electrolysis of potassium carbonate (KVK* electro 
catalytic couple) as well as the results for the control (so- 
dium carbonate, for which no electrocatahoic reaction of 
-27.21 eV is possible) are given in Table I, which also lists 
the experiment number. Experiments designated with a num- 
ber followed by an "A" had heat added to the experiment des- 
ignated by the same number. 

Figures 5 through 9 show the difference between experi- 
mental cell temperature and the temperature of a matched 
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Fig. 5. Plots of the differences between cell temperature and the 
temperature of a matched nonopcrative cdl (AT) as a func- 
tion of total power P T for (a) K^O j experiments 1 4 and 1 4 A 
in which the electrolysis current was maintained at -85 mA 
and (b) K 2 CO, experiment 16A in which electrolysis cur- 
rent was zero. Increasing temperatures were recorded as the 
calibration resistor was stepped in power. The curves are fit 
to the solid symbols. 
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Fig 6 Plot of the difference between cell temperature and the 
temperature of a matched nonoperativc oell (AT) as a func- 
tion of total power P T for K^CO, experiments 15 and 15A f 
in which the electrolysis current was maintained at 82 mA. 
Increasing temperatures were recorded as the calibration 
resistor was stepped in power. The curve was fit to the solid 
circles. 




Pt(W) 

Fig. 8. Plot of the difference between cell temperature and the 
temperature of a matched nonoperativc cdl ( AT) as a func- 
tion of total power P T for NajCO, experiments 18 and 
18 A. The electrolysis current was maintained at 79.7 mA. 
Increasing temperatures were recorded as the calibration 
resistor was stepped in power. 




Fig 7. Plot of the difference between cell temperature and the 
tenperarurc of a matched nonoperativc cdl {AT) as a func- 
tion of total power P T for K 2 C0 3 experiment 17A. The 
electrolysis current was zero. Increasing temperatures were 
recorded as the calibration resistor was stepped in power. 



Fig. 9. Plot of the difference between ccfl temperature and the 
temperature of a matched nonoperatrve cdl {AT) as a func- 
tion of total power P T for Na,CO, experiments 19 and 
19A. The dectrolysis current was maint a in ed at 79.7 mA. 
Increasing temperatures were recorded as the calibration 
resistor was stepped in power . 



nonoperativc cell (AT) as a function of total power P T for 
different electrolysis currents. The value of P r is 

where is calculated using Eq. (106). Increasing temper- 
atures were recorded as the calibration resistor was stepped 
in power. 

In K2CO3 experiment 16A, there was no hydrogen to re- 
act, and this experiment is a control of differential calorim- 
etry for K2CO1 experiments 14 and 14 A. The plot for K1CO3 
experiment 16A (sec Fig. 5) is linear with an x intercept and 
a y intercept of zero, which indicates no excess heat. How- 
ever the plot for K 2 COj experiments 14 and 14A (K /K 
elcctrocatalytic couple) (see Fig, 5) is highly nonlinear in the 
25 to 50 # C temperature range and approximately linear there- 
after. Interpolation of the linear data to the y intercept indi- 



\JC\\ v\ 



Ann 1001 



cates an excess temperature of -15°C. Interpolation of the 
linear data to the x intercept indicates an excess power of -10 
times the input power. 

The plot of AT versus P T for NajCO, experiments IS 
and 18A and 19 and 19A are shown in Figs. 8 and 9. respec- 
tively- No elcctrocatalytic reaction of -27.21 eV is possible 
for sodium; thus, these experiments represent controls that 
are esseruMy chemically identical but lack an electrocai^yuc 
couple to induce the electrons of hydrogen atoms to relax to 
a quantized potential energy level bdow that of the ground 
state by providing a redox energy-energy bole (27.28 eV) res- 
onant with this transition. These plots are Encar with an x in- 
tercept and a y intercept of zero, which indicates no excess 
heat* However, the plots for KxCOj experiments 14, 14A, 15, 
and ISA (KVK* elcctrocatalytic couple), shown in 
and 6. respectively, arc highly nonlinear in the 25 to 50 C 
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TABLE 

Percentage Excess Enthalpy Where the Cell Constant 



Experiment 



K 2 CO, 
1 

1A 

1AA 

2 

2A 
3 

3A 
4 

4A 
5 

5A 
6 

6A 
7 

7A 
8 

8A 
9 

9A 
10 

10A 

11A 

12A 

13 

13A 

14 

14A 

15 

15A 

16A 

17A 

Na^COj 
18 
19 



Solution 



A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

B 
B 



Cathode 



A 
A 
A 
A 
A 

B 
B 
A 
A 
A* 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

A 

A 



Anode 



A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
B 
B 
A 
A 

A 
A 



Vessel 



A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
B 
B 
A 
A 

A 
A 



Stirring 
Mode 



B 
B 



A 

A 

A 
A 



Mode 



•See Sec. VII for an explanation of the experimental configurations. 

*Qhir = heater watts added to raise the temperature of the cell during operation. 

b Ar = 7V - T b . 

C A7"*,, = aQ hlr = temperature change in the cell due to the heater. 
d AA7" = A7" — AT*,,. 
'AF^, = aPna. 



A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

B 
B 
A 
A 
A 

A 
A 
B 
A 
A 

B 
B 

C 
C 



C 
C 



Duty 
Cycle 
<*> 



40 
40 
40 
35 
35 

40 
35 
35 
35 
35. 

35 
35 
35 
35 
35 



35 
35 
35 

35 
35 

35 
35 



Frequency 
(Hz) 



500 
500 
500 
500 
500 

500 
500 
500 
500 
500 

500 
500 
500 
500 
500 



500 
500 
500 

500 
500 

500 
500 



temperature range and approximately linear thereafter. Inter- 
polation of the linear data to the / intercept indicates an ex- 
cess temperature of - 15"C. Interpolation of the linear data 
to the x intercept indicates an excess power of - 10 times the 
input power. For each experiment, the.uppcr limit of the cell 
parameter a was determined from the slope at -r55*C. 

Linear plots of A7~ versus P T for heater alone (no elec- 
trolysis) K2CO3 control experiments 16A (Fig. 5) and I7A 
(Fig. 7). which go through zero at the origin, validate the orig- 
inal assumptions that the losses were conductive. The upper 



limit of the cell parameter a was determined from the slope. 
The cell parameter was slightly lower for electrolytic cells com- 
pared to matched nonelectrolytic cells, as shown in Fig. 5 . This 
is attributed to the additional heat loss due to gas flow in the 
electrolytic cells. 

The results of the determination of the cell constant, 
Qja, and at an operating temperature of -32°C appear 
in Table II. For calibration runs (K1CO3 experiments 20A1 . 
20 A2, 20 A3, and 20A4), the ambient temperature was -2 to 
5*C lower than in the reference cell (KjCOj experiment 20). 
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I 

Was Determined by On-thc-Fly-Calibratton* 



Offset 
Voltage 
(V) 



2.73 
2.36 
2.32 
2.19 
2.55 

2.93 

2.795 

2.185 

2.02 

2.12 

2.01 

2.425 

2.47 

2.17 

2.04 



2.1 
2 

2.1 
2 

2.5 
2 

2.1 



Peak 
Voltage 
(V) 



3.43 
2.96 
3.22 
2.79 
3.15 

3.63 

3.295 

2.685 

2.42 

2.72 

2.51 

3.125 

2.97 

2.77 

2.54 

2.42 

2.28 

2.4 

2.1 

2.4 

2.25 

2.8 

2.31 

2.55 

2.6 

3.08 
2.9 
2.748 
2.247 



3.48 
3.37 



Peak 
Current 
(mA) 



180 
112 
212 
231 
217 

163 
231 
254 
245 
225 

248 
205 
208 
246 
228 

75 
80 
131 
114 
117 

117 
114 
80 
243 
217 

85 
89 
82 
82 



79.7 
79.7 



Cell 
Constant 
(°C/W) 



14.8 

15 

14.8 

14.8 

14.8 

14.8 
14.8 
*14.8 
^44.8 
-14.8 



14.8 
14.5 
14.5 
15.7 
15.7 

16.9 
16.9 
14.8 
14.8 
14.6 

14.6 
18 

15.6 

15.25 

15.25 

14.8 
14.8 
17.5 
17.5 
15.9 
15.5 

19.7 
19.6 



(W) 



0 

1.044 
2.196 
0 

2.196 
0 

2.196 
0 

2.21 
0 

2.22 
0 

2.22 
0 

0.911 
0 

0.99 
0 

0.778 
0 

1.96 
0.76 
0.771 
0 

1.537 
0 

1.59 
0 

2.028 



0 
0 



AT" 



8.9 
29 
47.2 

4.2 
45 

6.2 
49.5 

4.5 
46.5 

4.8 

43 

5.4 
44.5 

4.3 
25 

4.2 
28.1 

3.1 
25.7 

2.8 

41.2 
22.6 
23.7 
4.4 
38.9 

6.9 
40.9 

5.7 
51.5 



3.2 
3 



AT",,/ 
(°C) 



15.67 
32.9 

32.9 

32.94 
33.17 

33.3 
33.3 
14.3 

16.73 
11.51 

28.65 
13.68 
12 

23.4 

23.5 
35.5 



(°Q 



13.33 
14.3 

12.1 

16.56 
13.33 

9.7 
11.2 
10.7 

11.37 
14.19 

12.5 
8.91 
11.7 

15.5 

17.4 
16.01 



CQ 



2.08 
I 

2.17 
1.56 
1.88 

2.42 
2.17 
1.58 * 
1.19 
1.45 

1.32 
1.71 
1.57 
1.74 
1.33 

1.19 

1.08 

0.626 

0J67 

0.551 

0.461 

0.95 

1.036 

1.39 

1.3 

2.01 
1.87 
1.82 
1.01 



3.M 
2.95 



Excess 
Heat f 



328 
1234 
557 
169 
544 

156 
662 
183 
1016 
231 

634 
215 
612 
147 
705 

252 
953 
395 
3766 
408 

2621 
838 

1027 
217 

1094 

243 
830 
213 
1355 



1.9 
1.6 



r Excess heat 



( AT-AT„„ 



A 7", 



x 100 , when heater was off 
x 100 , when heater was on 



eta 



and heater power was added to make the temperature of each 
calibration cell approximately equal to the cell temperature 
of the reference cell. The cell constant was determined by sub- 
tracting Eq. (107) with the parameters of the reference run 
from Eq. (108) with the parameters of each calibration run. 
and Eq. (106) was used to determine for each equation. 
It was assumed that the losses were conductive and that 
Q a = Q' g . The assumption that the losses Q foa were con- 
ductive for these silvered dewars is supported by the data of 
Figs. 8 and 9. The assumption that £> a = Q'^ was verified by 



calculating these parameters from the cefl constant deter- 
mined. 

IX. 0ISCUSSI0I 

The data clearly indicate that excess heal was generated. 
Once the technique was perfected, each experiment using po- 
tassium carbonate produced excess heat. Some experiments 
were permitted to operate for weeks, and the excess heat re- 
mained relatively constant. What is the source of this excess 
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Experiment 



TABLE 

Determination of the Cell Constant by Lowering the Ambient Temperature 



Solution 



Cathode 



Anode 



Vessel 



Stirring 
Mode 



Mode 



Voltage 
(V) 



K 2 CO, 
20 

20 A 1 
20A2 
20A3 
20A4 



A 
A 
A 
A 
A 



A 
A 
A 
A 
A 



A 
A 
A 
A 
A 



A 
A 
A 
A 
A 



B 
B 
B 
B 
B 



B 
B 
B 
B 
B 



2.38 
3.08 
3.11 
3.11 
3.2 



enthalpy? Electrochemical reactions that consume the elec- 
trolyte can be ruled out because any proposed clcarochon- 
ical reactant would be completely consumed over the duration 
of these experiments. Nickel forms a hydKde during cathodic 
electrolysis, but this process is endothennic. 6 The weight of 
the nickd cathode was unchanged by use in a heat-producing 
cell to within 0.00001 g (the cathode was rinsed after 36 h of 
operation, then dried and degassed in vacuum before the final 
weight was determined)* The only remaining, candidates are 
heat-releasing reactions involving the electrolytically gener- 
ated hydrogen or oxygen atoms or molecules. Because the ex- 
cess enthalpy exceeds that which can be accounted for due to 
complete recombination, new processes must be sought. 

The results are consistent with the release of heat energy 
from hydrogen atoms where the KVK+ electrocatalytic cou- 
ple induces the electrons of hydrogen atoms to relax to a 
quantized potential energy level below that of the ground 
state by providing a redox energy-energy hole (27.28 eV) res- 
onant with this transition. The balanced reaction is given by 
Eqs. (92), (97), and (98). Excess heat was also measured when 
K 2 C0 3 was replaced by Rb 2 C0 3 . The Rb* ion (energy hole 
from the second ionization is 27.28 eV) alone is electrocata- 
lytic according to the reaction given by Eqs. (92), (93), and 
(94). No excess heat was observed when K 2 C0 3 was replaced 
by Na 2 C0 3 as demonstrated with Na 2 C0 3 experiments 18 
and 18A and 19 and 19 A. shown in Figs. 8 and 9. respec- 
tively. For sodium or sodium ions, no electrocatalytic reac- 
tion of -27.21 eV is possible. For example. 42.15 eV of 
energy is absorbed by the reverse of the reaction given in 
Eq. (98). where Na + replaces K + : 

Na* + Na + + 42.15 eV - Na + Na 2 * . 

It has not been overlooked that other researchers have re- 
ported anomalous heat, 7 tritium, 7 -* and neutron production 7 
during electrolysis of heavy water using a lithium salt electro- 
lyte and a palladium cathode. The excess enthalpy is reported 
to be substantially larger than can be accounted for by nu- 
clear reactions that produce tritium or neutrons. 7 In these 
cases, the couple is Pd 2 VLi* (27.54 eV). The balanced reac- 
tion is given by Eqs. (92), (95). and (96). The excess heat 
arises from the HECTER process, and the trace nuclear re- 
actions are due to CAF as described in Sec. V. The HECTER 
process produces much greater quantities of heat energy than 
typical chemical reactions. 

Neutron 9 - 10 and tritium 10 emissions from heavy water 
electrolytic cells using a titanium cathode and deuterium gas 
cells with titanium shavings have been reported. The tritium- 
to-ncutron ratio is reported to be 10* (Ref. 10) as opposed to 
the 1:1 branching ratio of 3 H to 3 He observed for hot fu- 
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sion. This result is anticipated for CAF. In the case of tita- 
nium, Ti 2 * (27,49 eV) is electrocatalyiic according to the 
reaction given by Eqs. (90). (91). and (92f. 

The data indicate that the shrinkage reaction is temper- 
ature dependent. This is dearly demonstrated by the nonlin- 
ear curves in Figs. 5 and 6 and by comparing the heated 
experiments (Table I) and the experiment of the same num- 
ber for which heater power was zero. Most chemical reactions 
double their rates for each 10°C rise in temperature. Increas- 
ing temperature increases the collision rate between the hy- 
drogen atoms and the electrocatalytic couple, which increases 
the shrinkage reaction rate. With large temperature excur- 
sions from room temperature, the kinetic energy distribution 
of the reactants can be sufficiently altered to cause the energy 
effecting the hydrogen shrinkage transition and the electro- 
catalytic redox reaction to conform to a greater or lesser ex- 
tent. The rate is proportional to the extent of conformation 
or resonance of these energies. 

The source of reactant hydrogen atoms is aqueous electro- 
lytic production on the surface of the nickel cathode. Electrol- 
ysis and the associated ohmic losses consume (Le-t require) 
input power. The losses obviously rise with a rise in current. 
However, increased current increases the concentration of re- 
actant hydrogen atoms. A trade-off exists between total ex- 
cess power and percentage excess power. It was found that 
increasing the current with a concomitant increase in the con- 
centration of reactant hydrogen atoms increases the total ex- 
cess power but decreases the percentage excess power. During 
continuous electrolysis, much of the reactant hydrogen is lost 
as evolved gas. It was anticipated that more efficient pro- 
duction of reactant hydrogen could be provided by an elec- 
trolysis circuit that periodically generates reactant hydrogen 
atoms and allows them to react in the absence of further 
power dissipation. Comparing the experiments of Table I 
with pulsed peak current of -115 mA with those with con- 
tinuous -80-mA current electrolysis, it can be appreciated 
that the efficiency of heat generation is correlated with the ef- 
ficiency of hydrogen atom generation. For example, the in- 
put power of K 2 COj experiment 9A. which was pulsed, is 
one-third that of K 2 COj experiment 8A, which was operated 
with continuous current. The ratio of the percentage excess 
power of K 2 C0 3 experiment 9A to K ; C0 3 experiment 8A is 
3. An intermittent current (i.e., on-off) electrolysis circuit in- 
creases the percentage of excess heat by providing an optimal 
concentration of hydrogen atoms (reactants) while minimiz- 
ing ohmic and electrolysis power losses. The frequency, duty 
cycle, peak voltage, step waveform, peak current, and offset 
voltage were adjusted to achieve the optimal shrinkage reac- 
tion rate and concomitant power while minimizing ohmic and 
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Current 
(mA) 


Pott 

(W) 


(W) 


Pr 
(W) 


CO 


Cell 
Constant 


Qxs 
(W) 


Qxs 
(W) 




79 
90 
85 
81 
100 


0.0711 

0.144 

0.1386 

0.132 

0.172 


0 

0.3249 
0.1681 
0.2621 
0.2621 


0.0711 
0.4689 
0.3067 
0;3942 
0.4341 


3.2 
9.6 
7 

8.4 
9 


16.09 
16.13 
16.095 
15.98 


0.128 
0.127 
0.128 
0.129 


0.128 
0.127 
0.128 
0.129 



electrolysis power losses. When the KVK* electrocatalytic 
couple was used with carbonate as the counterion, nickel 
as the cathode, and platinum as the anodfu an intermittent 
square-wave with an offset voltage of -2.2 V t a peak volt- 
age of -2.75 V t a peak current of -120 mA. an ~35Vo duty 
cycle, and a frequency of -500 Hz optimized the percentage 
excess power. 

Although only the results for carbonate are reported, a 
strong dependence of the excess enthalpy on the structure and 
charge of the counterion was found. For carbonate, the tran- 
sition state to the fractional quantized state of the hydrogen 
atom likely involves a neutral complex of carbonate with two 
juxtaposed potassium ions. The counterion of the electro- 
catalytic couple of the electrolytic solution can affect the 
shrinkage reaction rate by altering the energy of the transi- 
tion state. For example, the transition state complex of the 
KVK* electrocatalytic couple with the hydrogen atom has a 
+2 charge and involves a three-body collision, which is unfa- 
vorable. A -2 charged oxy anion can bind the two potassium 
ions; thus, it provides a neutral transition-state complex of 
lower energy, whose formation depends on a binary collision, 
which is greatly favored. The rate depends on the separation 
distance of the potassium ions as pan of the complex with the 
oxyanion. The greater the separation distance, the less favor- 
able is the transfer of an electron between them. A close jux- 
taposition of the potassium ions increases the rate. 

Further work to enhance the power, to search for chem- 
ical species with shrunken hydrogen atoms, and to search for 
products of predicted subsequent nuclear processes (CAF) 
following the shrinkage reaction are in progress. Preliminary 
data indicate that the electrolysis of a heavy water potassium 
carbonate electrolyte at a nickel cathode produces significant 



quantities of tritium, but the amount is much less than can 
account for the heat observed. • 
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Dr. WnlterPolantW 
U.S. Dcpwtmeni or Energy 
Washington D.C 

Dear Dr. Polansky: 

As you are aware, Dr. Noninski recently spent m week atlWLMftfutaofDr. 
McBreen and myself. Thcpurpc^cfdx; visit wMiodoixxurrc 
effect originally described by Dr. Rindy Mffls oftJwawier.Fiw^rvanU. 
rojucst, this U ■ sbon review of what I obaovod. I am not mi king any Inference < 
Impressions, observation*, or conclusions dr»wn by Dr. B4cBreca. 

The experiment can be briefly dcacribod m» fbflows. A wea in s afc ssrfejewstfx 

filled with a -0.7M sotodoa of poausiuix] carboante and distil sd wafer. Arictdc*Jhodeand 
pladnum mode were Immersed in the solution along with a re Iporand dkondnor. The 
dewar was covrrcd aid became, la essence ' 
power was applied P the resistor and tl» sea^OTttireof rfssAwirwtttocpeMriontfl 
«iuMbriumwMrciclwi,r^^ TtetBnpmttn it*httedewir, AT, wis 

dJvlo^ by the powadUsip*^ In the resist Hie 
re^nor power WMteiniliiisodukd^ Ave tip wm next 

i^liedscrc«di»phrirairoiuiod^iix!thcnlc»^catb^ Hm aotakm wucfc anrfyaw) with 
hydrogen being liberated at li* cathcrieiiviojrvgcn arte ana c. The tcmpear arpof tlw 
dewar s ^b c re ajc d ifidft^^ 

dewtr increased because some of the applied eioctrolvtU pow r was dissipate* in the cell. 
The temperature rise of the dewar, AT, is divided by me electr >lysis povwr d't ftpaied lp 



Aj per your 



as to the 



dcwjtt yielding a slope with units of'C/Watt. as was done for he resistor. Tofcocreciflor the 
evolution of gasses Ui the dewar the thermoneutral voltage, 1.' 8 Volts, wastu >tracted from 
the -applied voltage, V. The electrolysis power diasiptuedln Ufa dowar was obi lined by 
multiplying the corrected voltage, V - 1.48V, by the dectfckys Is currenL 



The claim Is as follows. The icmperatoro rise fa the tHrar i» 
elccirolysls as compared to using a resistor, even though the 
both cases. According to Dr. Mills* theory, this apparent "e 
that the electron in a hydrogen atom can "decay" to stable subihteger quantum levels. 



greater in he case of 
. . — ^. _ dissipated power s equal In 
apparent "ou ess power* is dec to the flic* 



Dr. Nonlnsti demonstrated this thermal effect at RML _ 
few comments arc in order. Idid notchcclc the calibrttionof it 

his experimental technique in great detail. 11m time- was not m allabVto me. there were no 
obvious errors and as the effect has been claimed by Dr. Mills 
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time, I feel It I* probably correct What was typically observe U u follows. I "or * 
dissipated power through the resistor of* 0. 1 Wan a dowar term erature rise of 3 C was 
measured. The slope, as previously defined, was therefore iff QWan. If the c cctrotysf s 
power dissipated In the dewar was aay 0.5 Watts, i tempcratui : rise of 3*C wa \ observed 
giving a slope ofofTQWatt The question Is, why does the p< werdUsbated 1 1 tho dewar, 
when applied clcctrorydcally, give a larger temperature rise u<*ajipartd to arc iwor? One 
possibility li that the evolving gasses are rtcombinlng In the d war. Dr. Nonlr tld checked 
this by measuring the Faraday efficiency of the electrolysis In i separate cxpcrL neat There 
appeared to be Utile gaseous rccomUrudon. 1 must emphasise that the quantity of gasses 
evolving from the dewar were not treasured. Ouoout recond lnadon in the d< war was not, 
therefore, uncqutvocaily ruled out Another possibility It that 1 KB Is a chcmlc J reaction 
occurring. For example can potassium carbonate be catalytic*! ly dec cm poaed I no aay 
potassium hydroxide? Hnallv, the process of electrolysis inftt et the solution i Ato fine 
bubbles. These bubbles would be expected to change the then ud characteristic t of the 
calorimeter. 1 discuiied this with Dr. Noninskl and he produo d son* experin cnul results 
from the literature indicating that the bubbles should have deer axed the measui od value of 
the slope and not increase it (a* compaittd to a resistor). 1 



thamalel ea(atverylo« power levels) 



In summarv, them appears to be an unusual „ 

which occurs during the electrolysis of potassium carbooat t 
"excess power" has not, however, been demonstrated mncli " 
basic experiments need to be performed to eliminate tome < 
outlined. PinaUy, there are probably many other possible a planations for explaining 
thermal anomaly and theae would, of course, also need to be b vestlgated 
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Dr. R.T. Bush 

California State Polytechnic University 

POMONA, California 

USA 

91768 

Dear Dr. Bush: 

Two separate investigations of Mills 1 light water cell will be carried out in 
Canada, one at the Electrochemical Science and Technology Centre at the 
University of Ottawa, and the other at the Chalk River Laboratories, Both 
experimental programs will be starting in February, 

I note from your recent paper (Fusion Technology 22, Sept. 1992) that: "It may 
be possible to ascribe the fact that we were able to observe excess heat for a 
sodium cell, whereas Mills and Kneizys did not detect any, to the difference in 
cathode. Mills and Kneizys employed nickel plate, whereas we employed a 
different alloy of nickel". Has there been any progress in resolving the question 
of cathode material? 

We shall certainly be searching for calcium in the electrolyte, and in particular 
the rare isotope calcium 42. If you can suggest any new experiments that would 
be helpful, I would welcome your input. My fax number is (613) 584-2227. 



Yours sincerely, 




Dr. John Hilborn 

JH/yws 
Attachments 
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Mills and Kneizys presented data in support of a light wa- 
ter "excess heat" reaction obtained with an electrolytic cell 
iuzhly reminiscent of the Fleischmann-Pons "cold fusion" 
ceil. The claim of Mills and Kneizys that their excess heat re* 
action can be explained on the basis of a novel chemistry, 
which supposedly also explains cold fusion, is rejected in fa- 
vor of their reaction being, instead, a light water coid fusion 
reaction. If it is the first known tight water cold fusion reac- 
tion to exhibit excess heat, it may serve as a prototype to 
expand our understanding of cold fusion. From this new hy- 
pothetical vantage point, a number of potential nuclear re- 
actions are deduced, including (hose common to past cold 
fusion studies. 

This broader pattern of nuclear reactions is typically seen 
to involve a fusion of the nuclides of the alkali atoms with the 
simplest of the alkali-type nuclides, namely, protons, deuter- 
ons, and tritons. Thus, the term ^ alkali-hydrogen fusion** 
seems appropriate for this new type of reaction with three 
subclasses: alkali-hydrogen fusion, alkali-deuterium fusion, 
and alkali- tritium fusion. A significant part of the difference 
between alkali-hydrogen fusion and thermonuclear fusion is 
hypothesized to involve an effect that is essentially the oppo- 
site of the well-known Mdssbcuer effect. Transfer of energy 
to the lattice is shown to be consistent with the uncertainty 
principle and special relativity. The implications of alkali- 
hydrogen fusion for theoretical models for cold fusion are 



considered. Boson properties are suggested to be unimportant 
for alkali-hydrogen fusion, which apparently rules out the 
prospect :hat a Bose-Einstein condensation could be involved 
in cold fusion. 

A new three-dimensional transmission resonance model 
ITRM) is sketched that avoids Jandels criticism of the one- 
dimensional TRM, When the new TRM is coupled with the 
alkali-hydrogen fusion hypothesis for cold fusion, it suggests 
a solution for the surface, or near-surface, excess heat effect 
for coldfusion in the form of a reaction between 6 Li and a 
deuteron to produce 4 He, or between two deuterons to pro- 
duce predominantly J He. A lattice effect essentially opposite 
to an "umklapp" process suggests that energy should be given 
to the lattice in the reaction. 

Finally, preliminary experimental evidence in support of 
the hypothesis of a light water nuclear reaction and alkali- 
hydrogen fusion is reported. Excess heat has been detected 
with tizht water-based electrolytes for the separate cases of 
K;CO„ ya : COj,. Rb;CO s . and RbOH. Preliminary evi- 
dence for a correlation between the amount of elemental 
strontium produced in the case of RbjCO* as the electrolyte, 
or of elemental calcium produced in the case of KtCO s as 
the electrolyte, and the total excess heats produced in the 
respective cells has been mixed. Evidence is presented that ap- 
pears to strongly implicate the transmission resonance phe- 
nomenon of the new TRM. 



^INTRODUCTION 

An electrolytic light water reaction recently reported by 
Mills and Kneizys 1 was experimentally demonstrated to ex- 
hibit an "excess heat effect" according to which the output en- 
ergy exceeds the input energy to a significant extent. The 
reaction involves the electrolysis of potassium carbonate in 
light water, employing a nickel foil cathode and a spiraled 
platinum wire anode. The reported energy gains for the re- 
action Ji.e.. (total heat output - total energy input )/(total en- 
ergy inpuO| range from -1.5 to an impressive J. 8. The 
maximum ratio of peak excess power out to the input power 
is claimed to have been >37. Thus, considering mankind's 

FUSION rCCHNOUXJY VOL. 11 SEP IW2 



need for inexpensive, safe, and nonpolluting energy, the in- 
terest in their reaction transcends that of pure science. Their 
experiment has been independently verified by Noninski, 2 a 
highly regarded calorimetrist, so their reaction and excess 
heat effect should be taken seriously. However, efforts con- 
ducted by Ontario Hydro to reproduce the Mills and Kneizys 
results have been unsuccessful.* 

Bush and Eaglcton. of California State Polytechnic Uni- 
versity (Cal Poly), have conducted successful electrolytic ex- 
periments employing a nickel cathode, u platinum anode, and 
.a light water-based 0.57 M potassium carbonate electrolytic 
solution. With this setup, which is very similar to that of Mills 
and Kneizys. we have achieved excess power with current 

301 
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Reports of excess heat during electrolysis of jfe light water wit u 
K 2 CO : electrolyte and a nickel cathode and platinum anode, bring 
with them the tantalizing possibility of a cheap, environmentally 
favorable energy source. Claims of excess heat range from 1 to 2 
times the input power to an extraordinary >37 time the input oower" 
However, explaining and understanding the source of the excess heat 
is crucial for further development of such an energy source. 

The conceivably endless supply of energy available from fusion has 
led to the proposal of 'new fusion theories fusion of hydrogen 
and potassium 1 and the fusion of ordinary hydrogen atoms, 1 according 
to the 'Nattoh' model. A new "novel atomic model* has also been 
proposed to explain the excess heat in these electrolytic cells." 

This paper will look at three different sources of measurable heat. 

1. The heat input into the cell 

2. The heac from evaporation of water 

3. The heac from recombination of evolved gasses 

Using several cells, the different heat sources were isolated and 
measured and/or calculated. This method has led researchers at BYU 
to the conclusion that the excess heat observed in the electrolysis 
of K 2 C0 3 in a light water solution with a nickel cathode and 
platinum anode can be attributed to the recombination cf the 
evolved gasses. 



Theory 

During electrolysis the solution around the cathode becomes 
saturated with hydrogen while the solution around the anode becomes 
saturated with cxygen, oxygen thus migrates to the cathode and 
hydrogen migrates to the anode. If either hydrogen or oxygen, 
contact the surface of a catalytic electrode where the other gas is 
being evolved, recombination (reaction (1)) will take place. 



The surfaces of both platinum and nickel are excellent catalyst for 
reccriinat ion . In fact the exchange current densities ( are 
highest for Ni, ?t, and ?d when compared to other metals in their 
period. i e is a measure cf the reversibility of the electrolysis 
reaction cr the rate cf the exchange reaction in the equilibrium, 
state and is a function of the electrode material, the solution 
ccmccsition, the operating temperature, and other factors^. It is 
not a measure of the rate of recombination as defined by equation 
! 1 ) . but higher exchange current densities correspond to more 
cacalyt i.c surfaces . 
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Recombination lowers the cell voltage and increases the heat outou- 
by the cell. The cell voltage is lower because 2 electrons will be 
liberated in the recombination process, creating a voltage thac 
opposes the applied voltage. The remaining energy le f t ove~ f-on 
the formation of water is released as heat energy. " * ' 

Several precautions mention by those claiming 'fusion- or -novel 
chemistry that can damage the reaction are: 

1. Contamination such as organic material on the electrodes 

2 . Leaving the electrode in the electrolyte without current 

3. Obstructions between the electrodes that increase the path 
of the ions or evolved gas 

These precautions will all greatly diminish recombination of 
hydrogen and oxygen in any electrolytic cell..' 

Excess heat can be calculated from many different reference points. 
All excess heat mention in this paper will be calculated f rsnr the 
by equation (2) . This equation assumes no recombination; thus if 
recombination is occurring the reports of excess heac are 
erroneous. All mention of excess heat from BYU's results is 
erroneous in this way. 

%Excess= q ****~ q ^n doo) % (2) 
9c.ii 



q».„ is the measured heat rate output in the calorimeter. q call is 
calculated by equation (3). 

<W^<V' CQii -V y „) (3) 

. . .where I is the cell current, V 5 . u is the total voltage across the 
cell, and V g „ is the electrolysis voltage given by equation (4). 

The heat of recombination can be obtained from equation (^i . 
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. . .where f a „ is the fraction of evolved gas that is recombined, 
f»« is dependent on the cathode material, geometry of the 
electrodes, andany stirring devices that help to transfer oxygen 
to the cathode or hydrogen to the anode. 

Assuming that 50% of the gas recombines in a typical cell (1 = 1 
mA, V c . u = 1.8 V), equation (2) shows that the cell would yield 
approximately 2.3 times the input power. This is about 100% more 
excess heat than that observed at BYU. However, 2.3 times the 
input power is consistent with results reported by Bush 1 , 
Matsumoto 2 , Mills and Kneisys 1 , Srinivasan*, and Noninski*. 

Reports of 300+% excess heat can be attributed to recombination, 
because most of the cells employ a different configuration than BYU 
(see BYU's configuration in figure 1). One of the most common 
configurations is a Pt anode spiraled around a Ni cathode. 
Compared to BYU's configuration, the spiral configuration reduces 
the resistance of the cell, because the electrodes are closer 
together; thus, the chance of recombination is increased, because 
the evolved gases have a much greater probability of reaching the 
opposite electrode. The reduced cell voltage and increased 
recombination both increase the excess heat as calculated by 
equation (f>) . 

Because of the manner in which excess heat is defined by equation 
{&) , heat due to recombination will increase the ^ calculated 
percent of excess heat. If recombination occurs, i V c#u ""will 
decrease, causing q,. #u to decrease. Therefore, the numerator of 
equation (2) will increase as the denominator decreases . Thus, the 
percentage of excess heat will be increased substantially. 



This theory has been tested at 
BYU and has held in several 
different variation) of the Ni/Pt 
light water electrolysis, cell . 



Experiment 1 

Ac the request of E.P.R.I., we 
set out to test the claims of 
excess heat in Ni/Pt light water 
ceils. Our first cell is shown 
in figure 1 

by a 
power 

supply. The ceil was connected 
in series with a 10 kfl trimpot 
which x was used to adjust the 
current in the ceil. The leads, 
#32 copper wire, were kept small 
co minimize heat loss through 
the leads . 



The ceil was powered 
constant voltage D.C. 




Tub* for ctoIt*4 (uei 



#22 Nl W\r« 



1.00* 



CUm SdnlUUUoa VU« 



1 cm X I cm Sctnttrad 



Figure 1 The ceil 
exoer iment s 1 and 2 . 



used in 
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A Hare Scientific isothermal calorimeter was used to make the hea 
measurements , 

The results of the first run are shown in figure 2. 



uoo 



Ni/Pt Electrolysis Cell 




50 60 70 80 90 

Tlnre(hours) 



100 110 120 130 



Heal measured Input power — Excess heal 



Figure 2 shows the input power, measured output of the 
calorimeter and the calculated excess heat. 



Cnce the calorimeter had stabilized, between 90% arid 130% excess 
heat was observed. 

The current of the cell was approximately 1 mA. After 115 hours 
the current in the cell was raised from 1 mA to 1.6 mA. The 
voltage across the cell remained between 1.8 V and 1.95 V. 

The input power was calculated using equation (3), including the 
heat of evaporation due to evolved gases. 

The calorimeter was calibrated electrically with the heaters in 
each calorimeter cell. 

Figure 2 shows excess of up to 130% of the input power. Although 
others had claimed the excess heat was not due to recombination 7 , 
until the evolved gases could be accounted for this was no: 
assumed . 
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Experiment 2 



Since the rate of evolved gases can be calculated by equation l» , 
we decided to measure the gas evolution from the cell. This proved 
to be much more difficult than we had first suspected. 

g «"' S 96 , SOOcoui/egui *0 .7S«oi/«qui.30. 5i/«oi (6> 



...where I e . u is the cell current. 

For a cell operating at 1 mA, 0.853 ml/hr will evolve. We tried to 
measure this flow rate using a soap bubble in a graduated 1 ml 
pipette. At approximately 1 ml/hr the gas either diffused through 
the soap bubble or was lost through other leaks in the system, a 
mercury barometer was also considered; however, mercury has a 
catalytic surface and the gases might have recombined on the 
surface of the mercury causing an inaccurate measurement. 

Although we did not succeed in measuring the gas evolution rate we 
observed the excess heat remains approximately constant once the 
electrolyte became saturated with hydrogen and oxygen. Figure 3 
shows results with the cell in figure 1 at different power inputs. 
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Figure 3 shows the Ni/?t electrolysis cell running at 0.5 mA. 
1 mA, and 1.6 mA. The input power calorimeter output , and 
excess heat are graphed versus time. 
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Experiment 3 



When-- we could not accurately measure the gas evolution rate, 
methods of suppressing recombination were discussed. The following 
techniques will quell recombination. 



1 
2 



Inserting an ion transport membrane between the electrodes 
Bubbling nitrogen through the electrolyte to purge the Q y 
and H a 

Placing a barrier between the two electrode that would 
inhibit the migration of gas between electrodes 



Oxygen Gas 



#24 Pt Wire 



2.40T 




y-rr 



1. 00* 



Hydrogen Gas 



#22 Ni Wire 




Glass Scintillation Vile 



i cm X 1 cm Scintered Ni 



Figure 4 The ceil usee in e;cer:r.er.c 3. 
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We decided to use glass tubes as a barrier to inhibit the migration 
Between the electrodes, as shown in figure 4. A glass tube, closed 
at the bottom, surrounded the Pt anode with the top submersed in 
the electrolyte. A second tube, open at the bottom, enclosed the 
nickel cathode. The nickel tube was vented through a separate tube 
so the gases could not recombine before leaving the calorimeter. 

Figure 5 shows the resulting heat measurements with the tubes on, 
then with the tubes off, and again with the tubes on as shown in 
figure 4. 



Ni/Pt Cell 

Glass Tubes On/Off/On 
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Figure 5 shows the calorimeter output, the inpuc power, ar.c 
the excess heat as a function of time. The period for wner. 



the tubes were off is marked. 



The ^cr. path increased for this configuration, thus increasing trie 
cell voltage. This accounts for the increased input power wm.e 
the tubes were on. When the tubes were taken of the input power 
decreased, but the heat measured by the calorimeter mcreasea. 

The increase in measured heat along with the decrease in 
cower gave up to 114% excess heat while the tubes were ocf. 
the tubes were on the percent excess heat was. within the error c. 
-he exoerirr.er.t. zero. This demonstrated a direct cor re_a tier, 
between the ability for gases to migrate to recombining surtaxes 
and the observed excess heat. 



'*"xc6 v " Lir.en t 



-xoe-iment 4 was set up to verify that recombination was taking 
place on the sincerec nickel cachode and to determine what percent 
of the evolved gases could reccmbine. 
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A fine gas fric was placed in the bottom of the cell as shown 
figure 6. The parameters for the anode, cathode and electrolyte" 



U*t tab* 



nam |u <tlfUAan trit 




ru&« tot cxtunf |t 



■TuV« far ! »~»"^nf ^ a 



#23 Ml Tlrt 



t am Z I ea 3laUr*4 5fl 



Figure 6 Trie call 



- usee in excer;.?.er.c 4 



*r'!: e i he u sais:e , a , s e ^eri:r.er.ts- i, 2. and 3. Nitrogen was pureed 
.r.rougr. t..e ce.. to purge it of evolved gases, thus el iminac ir.g 
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recombination. Oxygen was pumped through the cell saturating the 
electrolyte with oxygen, thus if recombination occurred it would be 
at the nickel cathode (hydrogen electrode). 

A baseline was established by measuring the calorimeter output a- 
different flow rates with no electrolysis. The baseline was also 
calculated for each flow rate. The baseline was the same for 
nitrogen and oxygen at the same flow rate. The calculated and 
measured baseline were the same. 



The results of experiment 3 are shown in figures 7. 



Ni/Pt Cell — 02 at 1 .5 ml/min 
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Figure 7 The results of the cell running with cxygen flowing 



When the nitrogen was flowing through the cell, the first 6! 
minutes of figure 7 show the power input into the cell (calculated 
assuming no recombination) equal to, the calorimeter output. The 
cell ran at this level for 40 hours (not shown in figure 7) before 
the oxygen was turned on. The nitrogen purged the cell of the 
evolved gases; so r.o recombination occurred and no excess heat was 
observed. 

with the oxygen flowing, the ceil behaved differently. First, the 
cell voltage dropped below 1.48 volts. If no recombination is 
assumed then the calculated input power will be negative which is 
very difficult to explain. However, if recombination is occurring 
then it will operate as a fuel ceil. In the operation of a fuel 
ceil hydrogen is burned creating both heat energy and electrical 
energy. Fuel ceils have been -studied extensively and are used ir. 
many space application. 



AECL 0000201 



In che nickel light water c«n 

hydrogen, forming a nickel hydride V^ 1 cathode will store 

reactYon^l? 1 ^ 96 , Che and oxygen P w f?? nC 6 ° f «W«> aJd 

er e «rons. (1, The ^a^d < V« ac ^^SStSj'of'SSi^*.-. 

below 1.48 if enoigrhylrogln^L^rto^f 6336 El5gV~ 
the input power. The heat ed V- caus ing a decrease in 

calorimeter output thus cht ° f recoin bination increased \t 
becomes very large thUS the percent excess heat (e^ton (2n 

For example Mills reports excess h»»i. , 

power. This appears to be ext r a Il" ° f 1 t0 16 tim « the input 
data. For experLents #3 4 17 "d 1 fl ary Until one looks at ?he 
Spacetime the Forces m*m-1V . , J ?~ 18 re Ported in 'Unification £f 
difference (V^AVb) Ts Ill's thin ST*" ^ Rande11 ^ Mills t£e 
is interesting that these are ?h2 i V ° Us nakin » <fc.u Pvmy It 
most excess heat. Note, it is IbIilSS^^ that him thl 

account for all of the exce« htll It tha ^ ^combination cannot 
report excess heat greater than ?v? £ P ° rted Mills (some rSns 
greatly inflated by assuming no L^T' their result * may be 
running with a pulsed ££er suoolv Si A ° n '- beCause they arl 
pulse, which may not be the case i ^ ec l aSS r n9 • a square wave 

case if recombination is occurring. 
Figure 7 shows the variation i 

equation (3), resulting from rVomh?^: • the - input P° wer given by 
stores hydrogen for a while T thfn^l \ C ^ n in the cel l- The nickel 
the cell voltage and adding hea? to ?h?? t ?F ea rec °«*>ines lowing 
voltage to cycle, thus the varUt ion ^' This Causes the oell 
output does not shew the variation * The calorimeter 

is to long. ne vari ation because it's equilibration time 

Using equation (2) to caleul*i-« ► 

an infinite %excess hSJ^i*^^^"^ 6XC9SS heat could ^ 
practical , the average cell vo?^ 9 * p ° lnC were chosen. Being 
■-and the cell current * a 5 08 HI 13 a PP r oxiatemately l.S voltf 

The calorimeter ou-oG- 'on If 1 tnUS q "» 9 1 • 08 <1 • 6-1 ) =0 . 13 mW 
baseline for the callow "S^ 5 " mV plus che -'o 
l^zs q..„ = 1.52 mW, wher- 7 sln^tv f * 170 mV ' ' 7 -33 4w/mV 
Therefore the perc-nc excei- hi ^ 13 the "trimeter constant 
1000-% excess heat ^k 63 ' 13 (1 • 52 "° • « ) /0 . 13 = 10 7 ^ 

in figure 7, but iV doesn' t rtak ?« d ° Re f or , each Poinc on che gracn 
=. 0 or is negative. oofnV * S6nSe for the Poincs where q 

there is no recombination. P equat ^ «2) is only valid ^ 

The total power inout into th P ^o* i ■ 

average cell '/oUage an^„^ 1 " ^^jV L,u'V !tll . -or the 
greater than the caiorimeteJ ouc-u thls _ yie * ds l- 7 3 =*. which is 
fraction of gas that must ^^"^ _ ia - ua = lon (5) gives us the 
heac. For a aRd th !\:il°*~:-™*~* account for the excess 
paragraph 77% G f the gas mus"t ~*r~^" ln Che Proceedinc 

oecause oxygen is being bubbled ^ ^ Th , 1S is ver ' reasonable 
Nickel is used in fuel cells as % ™ ^ talytic nickel hydride. 
c ? e error of che exoerimenc 100% V S I* 1 " 6 '- x " face to within 
minute mark cn in -'--u-e 7 ke gas 13 recombining ac 80C 
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Experiment 5 



To be reassured the excess heat was not nuclear in origin x— av* 
were looked for in two nickel light water cells. A portion of : *-e 
cell was cut out and replaced with a thin peice of plastic ^h« 
nickel was placed against the edge of the plastic and the cell was 
placed very near the window to the x-ray detector, to assure tha- 
the 7.5 keV K-alpha nickel x-ray would not be attenuated and ccul^ 
be detected. , w 

After 75 hours, no Ni K-a or Ni K-fJ x-rays were detected cominc 
from the first cell. 



The second cell was looked at for more than a week with no Ni K-a 
or Ni K-p x-ray emmisions detected. Figure 8 shows the x-ray 
background for this run with no significant Ni x-rays. 

The absence of x-rays argues strongly against nuclear reactions as 
the origin of the excess heat. 



Conclusion 



Recombination can account for the excess heat reported in all of 
the nickel light water cells except those that exceed the total 
input power (I*V) . Even when the measured output exceeds I*V, 
subtle errors in the measurement of the input power or the 
calorimeter output could allow recombination to account for the 
excess heat. Figure 7 shows the effect recombination has on the 
cell voltage. If measurements are not taken regularly, then the 
calculated input power may be highly underestimated. This will be 
of particular concern in experiments which use pulsed power, like 
that of R. Mills. The bottom line is, until the cell sec . up 
guarantees that there will be no recombination or care is taker, t'z 
assure accurate measurements when recombination is occurring, 
reports of excess heat in light water nickel ceils must be 
questioned. 
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4/22/93 



To: Dr. Jim Hilborn, Atomic Energy of Canada 

Chalk River, Ontario, Canada (fax: 613-584-4010) 

From: Dr. Robert T. Bush, Physics Department, California State 
Polytechnic University, Pomona, Ca 91768, U.S.A. (fax: 909-869- 
4396) 



The electrolyte samples that we are interested in having Chalk 
River analyze are from two light water electrolydc cells (cells 63 and 
64) run in series and made as identical as possible, except that the 
electrolyte of 63 employed nanopure water ( deuterium deuteroxide 
is about one out of every 5,000 molecules), whereas that of cell 64 
employed de-deuterated water ( deuterium deuteroxide is about one 
out of every 500,000 molecules). Otherwise, both electrolytes were 
0.57 M potassium carbonate. Five samples of electrolyte were taken 
from each cell over the approximately 68 day period of cell operation 
[Charging began 2/4/93. Cell 64 was stopped on 4/14/93, and 63 it 
still operating as of today (4/22/93)]. The post-ran samples we 
would send you have evidenced calcium levels between about lppm 
and 1.5 ppm on the basis of flame AA tests, and these are consistent 
with the amounts of excess heat measured calorimetrically assuming 
potassium to be the nuclear parent. However, we will dilute these 
post-run samples with nanopure water to one-third their present 
concentration in order to save out essentially identical samples for 
additional work if this is okay with you: 

Six Proposed Samples for Analysis (ppm's are for elemental 
calcium) 



(1) Virgin electrolyte (nanopure water, 0.57 M/rubidium 
carbonate): 7 

(0.10 ppm) 

(2) Nanopure water sample: (0.00 ppm) 





Cell 63: 



(3) 



Post-run sample 63-a: (2/25/93). (1.55 + 0.08)ppm 
Post-run sample 63-e: (4/8/93), (1.02 + 0.05)ppm 



(4) 
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Cell 64: 



(5) Post-run sample 64-1: (2/25/93). (1.49 + 0.08)ppm 

(6) Post-run sample 64-6: (4/8/93), (0.93 + 0.06)ppra 




It would be possible also to seod a sample of the virgin cathode I M2$A$l 
m n en ii (jd A k <l ^ reX) and post * ran cathode matcrial fr°ni both ^ . /SSL, ^ 

see if there is a relative isotope abundance shift of calcium 42 , J 

relative to 43 in the electrolyte. The relative abundances of these- A % 
two isotopes could also be looked at relative to calcium 44, assumin* 
that one can show that Ti-44 (47 year half-life) i, not an interfere** cu ^ A 
as seems reasonable. (However, the electrolyte should be checked K^yJ 
by flame AA for titanium to assure this. There may. of course, be 



molecular in terferents.) As you know a significant shift would be an 7 
undeniable signature of a nuclear reaction. ~ 

a. W f, ft PP rcciate V0UT willingness to consider this mutual project zTW 
that could hasten an understanding of the light water excess heat K 
effect. 



Sincerely yours. 1 ^ ^ 

Dr. Robert T. Bush OA<^^ 

PS: Our latest cells are made of teflon (earlier pyrex cells were 
coated with teflon) so that this could not be a source of calcium. (The 
anode is platinum wire.) The virgin nickel mesh cathode material is 
contaminated with calcium, but all of our studies indicate that the 
cathodic current drives the Ca++ ions from the electrolyte and into 
the nickel mesh. This effect, accompanied posibly by the 
transmutation of the calcium itself accounts for the fact that an 
equilibrium level (concentration) of calcium of about 1 pom of 
calcium was reached in this experiment in both ceils. 

* 

b!d 1 IS^IJF** ^ ap0l08ie * for * etdn * 10 y»° tha we 
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ATTENTION: 



Dr. Robert Bush 



COMPANY: California State Polytechnic University 

FAX NUMBER: 909-869-4396 

FROM: Dr. John Hilborn 

PAGES TO FOLLOW: 

COMMENTS: 

Thanks for your Fax message describing your six electrolyte samples. 

The good news - Our laboratory would be able to determine the isotopic 
abundances in your samples with adequate precision. 

It would be necessary to do some wet chemistry prior to mass 
spectrometry, in order to eliminate potassium. The set-up 
cost would be high, resulting in a total cost of $6000 to $8000 
for the six samples. 

Find some money. 
Find a less costly laboratory. 

Wait for 1 or 2 months, and hopefully we could include your 
samples with ours at no extra cost. Right now we have to 
watch our budget. 



The bad news - 



Options 



Fax Number (613)584-4010 or (613)584-2227 

If there are problems with transmission, please call (613)584-3311 Ext 6016 or 4959 
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December 26, 1995 



Michael O'Hayer, Esq. 
Duane, Morris & Heckscher 
735 Chesterbrook Boulevard 
Chesterbrook Corporate Center 
Wayne, PA 19087 



Re: 14 T 199 00196 95 H/J 

HydroCatalysis Power Corporation 
and Atomic Energy of Canada, Limited 

Dear Mr. O'Hayer: 

Enclosed please find additional documents (Bates 
stamped AECL 001518 through AECL 001532) being produced in 
response to claimant's request for the production of documents. 



Sincerely yours, 
Kathrin Wanner 

KW : pml 
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cc: Russell E. Brooks 
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DATE: 

ATTENTION: 



1993 March 31 
John Preston 



COMPANY: MIT Technology Licensing Office 

FAX NUMBER: (617)258-6790 
FROM: John Hilborn 



PAGES TO FOLLOW: nil 



COMMENTS: Brian Ahern suggested that I discuss with you our mutual 

interest in verifying and explaining reports of excess heat 
production from electrolytic cells. 

A Mills-type cell incorporating a nickel cathode and 
potassium and sodium carbonate electrolytes, will be 
constructed and tested at our Chalk River laboratory under 
contract to EPRI. If you believe that a meeting would be 
useful, I would like to visit your laboratory on Friday this 
week or early next week. I have visited R.L. Mills twice in 
Lancaster, PA, and could find no obvious errors in his 
observations of approximately 50 Watts of excess heat 
production from his potassium carbonate cells, I have also 
visited RM. Shaubach at Thermacore Inc. Please FAX 
reply to (613)584-4010. 



Fax Number (613)584-4010 or (613)584-4024 

If there arc problems with transmission, please call (613)584-3311 Ext 4943 or 4959 



AECL 001521 



Atonic £neig> fne*q-e Ji-~ 

ot C in ad j lilted do Cdn^oi '*f 



A LIGHT WATER EXCESS HEAT 
REACTION SUGGESTS THAT 
"COLD FUSION" MAY BE 
"ALKALI-HYDROGEN FUSION" 
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Physics Department, Pomona, California 91768 
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Mills and Kneizys presented data in support of a light wa- 
fer "excess heat" reaction obtained with an electrolytic cell 
highly reminiscent of the Fleischmann-Pons "coldfusion" 
cell. The claim of Mills and Kneizys that their excess heat re- 
action can be explained on the basis of a novel chemistry, 
which supposedly also explains coldfusion, is rejected in fa- 
vor of their reaction being, instead, a light water coldfusion 
reaction. If it is the first known light water coldfusion reac- 
tion to exhibit excess heat, it may serve as a prototype to 
expand our understanding of cold fusion. From this new hy- 
pothetical vantage point, a number of potential nuclear re- 
actions are deduced, including those common to past cold 
fusion studies. 

This broader pattern of nuclear reactions is typically seen 
to involve a fusion of the nuclides of the alkali atoms with the 
simplest of the alkali-type nuclides, namely, protons, deuter- 
ons, and tritons. Thus, the term "alkali-hydrogen fusion" 
seems appropriate for this new type of reaction with three 
subclasses: alkali-hydrogen fusion, alkali-deuterium fusion, 
and alkali-tritium fusion. A significant part of the difference 
between alkali-hydrogen fusion and thermonuclear fusion b 
hypothesized to involve an effect that is essentially the oppo- 
site of the well-known Mossbauer effect. Transfer of energy 
to the lattice is shown to be consistent with the uncertainty 
principle and special relativity. The implications of alkali- 
hydrogen fusion for theoretical models for cold fusion are 



considered. Boson properties are suggested to be unimportant 
for alkali-hydrogen fusion, which apparently rules out the 
prospect that a Bose-Einstein condensation could be involved 
in co/a fusion. 

A new three-dimensional transmission resonance model 
(TRM) is sketched that avoids Jandel's criticism of the one- 
dimensional TRM. When the new TRM is coupled with the 
alkali-hydrogen fusion hypothesis for cold fusion, it suggests 
a solution for the surface, or near-surface, excess heat effect 
for cold fusion in the form of a reaction between 6 Li and a 
deuteron to produce 4 He, or between two deuterons to pro- 
duce predominantly 4 He. A lattice effect essentially opposite 
to an "umklapp* process suggests that energy should be given 
to the lattice in the reaction. 

Finally, preliminary experimental evidence in support of 
the hypothesis of a tight water nuclear reaction and alkali- 
hydrogen fusion is reported. Excess heat has been detected 
with light water-based electrolytes for the separate cases of 
K2CO3, Na 2 C0 3 , Rb 2 C0 5 , and RbOH. Preliminary evi- 
dence for a correlation between the amount of elemental 
strontium produced in the case ofRbfiO; as the electrolyte, 
or of elemental calcium produced in the case ofKjCO; as 
the electrolyte, and the total excess heats produced in the 
respective ceils has been mixed. Evidence is presented that ap- 
pears to strongly implicate the transmission resonance phe- 
nomenon of the new TRM. 



I INTRODUCTION 

An electrolytic light water reaction recently reported by 
Mills and Kneizys 1 was experimentally demonstrated to ex- 
hibit an "excess heat effect" according to which the output en- 
ergy exceeds the input energy to a significant extent. The 
reaction involves the electrolysis of potassium carbonate in 
light water, employing a nickel foil cathode and a spiraled 
platinum wire anode. The reported energy gains for the re- 
action [i.e., (total heat output - total energy input)/(total en- 
ergy input)l range from -1.5 to an impressive 3.8. The 
maximum ratio of peak excess power out to the input power 
is claimed to have been >37. Thus, considering mankind's 



need for inexpensive, safe, and nonpolluting energy, the in- 
terest in their reaction transcends that of pure science. TTieir 
experiment has been independently verified by Noninski, a 
highly regarded calorimetrist, so their reaction and excess 
heat effect should be taken seriously. However, efforts con- 
ducted by Ontario Hydro to reproduce the Mills and Kneizys 
results have been unsuccessful. 3 

Bush and Eagleton, of California State Polytechnic Uni- 
versity (Cal Poly), have conducted successful electrolytic ex- 
periments employing a nickel cathode, a platinum anode, and 
a light water-based 0.57 M potassium carbonate electrolytic 
solution. With this setup, which is very similar to that of Mills 
and Kneizys, we have achieved excess power with current 
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densities ranging from -2 to -40 mA/cm . The peak excess 
power reached was -4W, and the total excess heat is esti- 
mated to have been -0.3 M J. A detailed presentation of these 
experiments will be reported in a future paper. 

Mills and Kneizys based their reaction on a novel chem- 
istry of Mills and FarreU 4 with which the latter replace quan- 
tum mechanics. It can readily be shown that this novel 
chemistry, ingenious though it may be, is flawed. Mills and 
Kneizys also claim that the novd chemistry of Mills and Far- 
reU can account for the excess heat effect of Fleischmann and 
Pons. 3 Instead, while the novel chemistry is rejected, it is 
shown that Mills and Kneizys have made an important dis- 
covery, namely; a light water coldfusion reaction exhibiting 
the excess heat effect. The importance of the latter is that it 
may serve as a prototype allowing us to obtain a better un- 
derstanding of cold fusion. 

At this juncture, it must be strongly emphasized that, far 
from fading away, the Fleischmann-Pons excess heat effect 
has gained renewed vigor from reports presented at the Sec- 
ond Annual Conference on Cold Fusion held at Como, Italy, 
June 29- July 4, 1991. In addition, two rather remarkable re- 
views of cold fusion research, the earlier one by Srinivasan 6 
and the later one by Storms, 7 have recently been circulated. 
Both contain strong evidence for the excess heat effect. At the 
Como conference, evidence of the ability of researchers to 
obtain an enhanced and more robust Fleischmann-Pons ex- 
cess heat effect was presented by researchers such as Pons and 
Fleischmann, 8 McKubre et al., 9 Bush and Miles, 10 and Bush 
and Eagleton. 11 These researchers had built upon the earlier 
strong work of experimenters such as Fleischmann and 
Pons, 5 Huggins et al., 12 Appleby et al., 13 Scott et al., u 
Hutchinsen et al., 15 Bockris et al., 16 McKubre et al., 17 Lie- 
bert and Liaw, 18 and Eagleton and Bush. 19 

Thus, it is important to realize that the excess heat effect 
must now be considered a permanent fixture in any serious 
scientific considerations, with the two possibilities for its or- 
igin being, with the reasonable assumption that we have no 
violation of the first law of thermodynamics, (a) nuclear en- 
ergy and (b) a new unknown source of energy. The best bet 
is nuclear energy because the excess heat effect goes away, or 
at least becomes too small to measure, when heavy water in 
the cold fusion reactions is replaced by light water and be- 
cause the energy is too large to be chemical in origin. In the 
latter regard, it can be reported that, employing a cathode in 
the form of a 5-jun thin film of palladium electroplated (at 
Los Alamos National Laboratory) upon a silver substrate 
with a surface area of -4.5 cm 2 , Bush and Eagleton 11 ob- 
tained -15 MJ of excess heat over a 54-day period with a 
peak excess power of ~6 W and an average excess power of 
-3.2 W, with the latter being -28% of the input power. 
Normalizing the data to the amount of palladium and assum- 
ing that the excess heat effect occurs in the palladium, one 
can employ this data to estimate a lower limit for the normal- 
ized excess heat produced in the thin film of -63 G J per mole 
of palladium. Note that this result is at least a factor of a mil- 
lion too large for it to have been of chemical origin. 

- IL REJECTION OF THE NOVEL CHEMISTRY 
OF MILLS AND FARRELL 

In their abstract, Mills and Kneizys 1 refer to a new 
atomic model by Mills and FarreU: 

According to a novel atomic model, the predominant 
source of heat of the phenomenon denoted cold fusion is 



the electrocatalytically induced reaction whereby hydro- 
gen atoms undergo transitions to quantized energy levels 
of lower energy than the conventional ground state. 
These lower energy states correspond to fractional quan- 
tum numbers. The hydrogen electronic transition requires 
the presence of an energy hole of -27.21 eV provided by 
electrocatalytic reactants . . . and results in "shrunken at- 
oms" analogous to muonic atoms. 

Their fractional quantum numbers are presented in Eq. (3) 
of Ref . 1 as 

n=l, J,l (1) 

Somehow, for this is not very dear, this series gets truncated 
at rh- Moreover their treatment is immersed in the new 
framework provided by Mills and FarreU, who have replaced 
standard quantum mechanics by **a novel theory for which 
the fundamental laws of nature are shown to be applicable 
on all scales. Maxwell's equations, Einstein's general and spe- 
cial relativity, Newtonian mechanics, and the strong and 
weak forces are unified. nl In seeking to replace the conven- 
tional theory. Mills and FarreU and Mills and Kneizys seem 
unaware of the numerous triumphs of standard quantum me- 
chanics, especially those of its ultimate relativisticaUy correct 
expression, the Dirac equation. Certainly, Mills and Kneizys 
have exhibited no counterpart to the latter, and there is no in- 
dependent evidence supporting their new scheme of quantum 
numbers in Eq. (1) with its inclusion of fractional quantum 
numbers. However, dismissing the totality of the work of 
Mills and Kneizys based on their novel chemistry would be 
to throw away an inestimable scientific treasure, namely, their 
light water reaction exhibiting an excess heat. We turn now 
to what is a more appropriate conclusion, that this is appar- 
ently the first light water cold fusion reaction conclusively 
demonstrated to exhibit an excess heat phenomenon. 

[In this connection I am grateful to referee number 2 for 
calling my attention to an explicit claim in the Fleischmann- 
Pons patent 20 (first priority date: March 13, 1989) for the 
production of excess energy during electrolysis of light wa- 
ter with nickel and other metals. Apparently, this is a case of 
independent discovery with Mills and Kneizys being unaware 
of the patent claim. Certainly, however, they deserve credit 
for calling this reaction and their study of it to the attention 
of the academic community in admirably detailed fashion. In 
contrast, one notes, with no intention of minimizing the in- 
estimable work of Fleischmann and Pons that they have ap- 
parently not published the results of such a light water study 
in a peer-reviewed journal.} 



III. THE MILLS-KHEIZYS LIGHT WATER REACTIOI 
. AS A COLO FUSIOI REACTIOI 

One seeks an alternative explanation for this new excess 
heat effect to that provided by Mills and Kneizys and Mills 
and FarreU. One key is that their experimental setup is very 
similar to that of Fleischmann and Pons for cold fusion: An 
electrolytic cell contains a platinum anode and a cathode, 
which, however, is nickel rather than paUadium. (Note that 
nickel, Uke palladium, also has a face-centered crystalline 
structure and readily absorbs hydrogen. Protons will enter the 
nickel lattice as will singly ionized potassium atoms.) Because 
of this similarity, it makes sense to examine whether this light 
water reaction could possibly be a nuclear reaction, perhaps 
related to cold fusion. 
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A salient clue is that we have as potential nuclear ingre- 
dients potassium (19 protons) and individual protons at in- 
terstitial sites in the nickel lattice. And, the addition of a 
proton to a 39 K nucleus yields the ultrastable ^Ca, which is 
a "doubly magic" nuclide. It is this that suggests the possibil- 
ity of a nuclear reaction and a link to cold fusion. For exam- 
ple, 4 He is also a doubly magic nuclide, and the recent work 
of Bush et al. 10 suggests that 4 He is probably a product of 
cold fusion. Thus, based on this augmentation of the nuclear 
stability of the reaction product, it is reasonable to hypoth- 
esize that the Mills-Kneizys reaction is a cold fusion reaction, 
albeit a light water one. (Note in this regard that ~939b of 
naturally occurring potassium is in the form of 39 K.) 

"Doubly magic" here refers to the fact that both the num- 
ber of protons and the number of neutrons in the nucleus of 
^Ca are equal to the "magic number" of 20. [Recall that the 
magic numbers were established in connection with the shell 
model of the nucleus by Mayer 21 and Jensen. 22 - 23 They are 
those numbers of protons (neutrons) that produce ultrasta- 
ble configurations since they are the total number of protons 
(neutrons) in a configuration just before a large energy gap.] 
For future reference, we list the magic numbers 24 in bold 
print for protons (neutrons) along with the total numbers of 
protons (neutrons) that result in configurations having totally 
closed shells and, thus, increased stability: 

2, 6, 8, 14, 16, 20, 28, 32, 38, 40, 50, 58, 64, 

76, 80, 82, 92, 100, 120, 124, 126 (2) 

In addition, it is a well-known fact that the energy of a nu- 
clear configuration is minimized by pairing off the protons 
(neutrons) as much as possible. This is partially reflected by 
the fact that all of the numbers in Eq. (2) are even. For fu- 
ture reference, an increase in stability produced by pairing 
two protons (neutrons) is referred to as the "pairing effect." 

To explore the ramifications of this hypothesis more 
fully, consider the Mills-Kneizys light water reaction repre- 
sented schematically as follows: 

\lK + \p -+ $Ca (8.3 MeV) . (3) 

(3/2.+) <l/2.+) (0.+) {Ml] 

Note from the positive Q value of -8.3 MeV that this is en- 
ergetically possible on the basis of nuclear physics. Moreover, 
we assume that either, or both, of the two reactants, the K + 
ion and the proton, are an integral part of the metal (nickel) 
lattice. Since the protons, being more mobile, should fill up 
interstitial positions fairly quickly, it may be the case that the 
reaction is one in which a K+ ion is incident upon an inter- 
stitial proton. On the other hand, another possibility is that 
of a proton incident upon a substitutional, or interstitial, K + 
ion. 

One cannot, of course, rule out reaction (4) even though 
41 K is only ~7Vo abundant compared to an -93 abun- 
dance for 39 K. In reaction (4), the addition of a proton to a 
4, K nucleus produces a more stable 42 Ca nucleus. In this re- 
action, as in Eq. (3), the proton number becomes magic, go- 
ing from 19 to 20. The neutron number remains even at 22 
in reaction (4): 

fjK + \p - gCa (10.3 MeV) . (4) 

(3/2.+) (I/2.+) (0.+) [Ml) 

In fact, the energy release averaged over the nucleons for the 
42 Ca nucleus in reaction (4) is given by (10.3 MeV/42 nucle- 
ons) = 0.245 MeV per nucleon, whereas for the ^Ca nucleus 



in Eq. (3), it is given by (8.3 MeV/40 nucleons) = 0.208 MeV 
per nucleon. So, both reactions (3) and (4) might be taken to 
constitute our prototypical reactions. Nevertheless, reaction 
(3) is generally referred to as the prototype reaction. It would, 
of course, be interesting to conduct separate experiments em- 
ploying very high purity 39 K in one and very high purity 41 K 
in the other to test reactions (3) and (4). In both reactions (3) 
and (4), the proof that this hypothesis is correct would be the 
appearance of calcium (^Ca and ^Ca, respectively) as a by- 
product in an amount correlated with the amount of excess 
heat generated. Of course, assuming that the hypothesis of 
a nuclear reaction is correct, it is not clear as to what percen- 
tage of the calcium produced would be in the electrolyte and 
what percentage might remain in the nickel lattice. In addi- 
tion, an experimental determination might be complicated by 
the fact that part of the calcium in the electrolytic solution 
might plate out onto the cathode. Work is currently under 
way at Cat Poly to correlate calcium production in these re- 
actions with excess heat production. The corroboration of 
this would be akin to the correlation of excess heat and 4 He 
production in the case of cold fusion, and it should be con- 
siderably easier to obtain an unequivocal result. 

One must also ensure conservation of spin and parity. 
Thus Eq. (3) cannot express the entire reaction. Below the re- 
actants and the products in the equations are indicated the re- 
spective spins (units of h) and parities in parentheses. The 
lowest order electromagnetic multipole radiation (in this case 
the magnetic dipole [Ml]), that would have to be emitted to 
conserve spin and parity simultaneously is listed in brackets 
underneath and to the right. As is well known, magnetic 
dipole radiation is considerably less efficient, in fact by sev- 
eral orders of magnitude, than electric dipole radiation. It is 
this "radiation frustration factor" implied by a higher multi- 
pole than electric dipole [El] that may provide a clue to a 
route for the deexcitation energy of the compound *°Ca nu- 
cleus in reaction (3) or the 42 Ca nucleus in reaction (4), con- 
stituting an alternative to that of deexcitation via gamma ray 
or neutron emission. Schwinger 25 points to a similar sort of 
thing to the author's "radiation frustration factor* in connec- 
tion with his nuclear energy from an atomic lattice (NEAL) 
model. The deexcitation route must now be considered. 

A most serious problem for cold fusion is that of some- 
how getting the excess energy, in the case of reaction (3) 
-8.3 MeV, into the lattice. Thus, if the ^Ca nucleus were to 
deexcite to its ground state by the emission of a gamma ray, 
Mills and Kneizys should have detected the strong resultant 
radiation field. In fact, without adequate shielding, it would 
provide a lethal environment, as noted in reference to the oft- 
stated "dead graduate student problem" associated with cold 
fusion. Note, also, that there is no boson plasma hypothet- 
ically to absorb this radiation since, unlike the case of cold 
fusion with heavy water, the light water cold fusion case in- 
volves a fermion plasma of protons as opposed to a boson 
plasma of deuterons. (To be sure, some may still argue that 
the periodicity of the wave function based on crystalline pe- 
riodicity might yet save the situation for this fermion plasma.) 
If, on the other hand, the ^Ca nucleus retains most of the 
energy in the form of kinetic energy, Coulomb excitation of 
nickel ions in the lattice should also produce formidable ra- 
diation in the form of strong X-ray fields that should be 
detectable. 

A possible solution to this is detailed in Sec. VI. A brief 
preview must suffice here. The M6ssbauer effect is a well- 
known nuclear effect involving an interaction with the atomic 
lattice. Thus, for lattice temperatures 7* much lower than a 
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characteristic lattice temperature, the so-called Debye temper- 
ature 6 D , the energy resulting from a nuclear deexcitation, 
goes totally into a particle, a gamma-ray photon, serving to 
conserve energy, while the entire lattice recoils to conserve lin- 
ear momentum. We take the opposite of the Mossbauer ef- 
fect to involve the regime of temperatures 7* 6 D ; No longer 
is the lattice infinitely "stiff/ and thus, the energy of an emit- 
ted gamma ray has the likelihood of being reduced by virtue 
of phonon formation in the lattice. It is hypothesized that 
cold fusion involves this opposite process to the Mossbauer 
effect. In this scheme, a nuclear reaction most likely proceeds 
by the formation of a compound nucleus between a particle 
traveling through the metal lattice and a substitutional, or in- 
terstitial, particle within the atomic lattice. At a high enough 
lattice temperature, most, or essentially all, of the deexcita- 
tion energy is hypothesized to go directly into the lattice (pho- 
non formation), leaving the particles resulting from the 
breakup of the compound nucleus with too little energy to 
produce a readily detectable radiation field outside the elec- 
trolytic cell. In the opposite regime of low enough tempera- 
tures (T<ZLQ D ) t it is not clear whether experimenters would 
encounter cold fusion with associated strong, and therefore 
dangerous, radiation fields, although the example of titanium 
deuteroxide tends not to support this. (Another possibility for 
the deexcitation is the internal conversion hypothesis of Wall- 
ing and Simons. 26 ) It is also shown that the uncertainty prin- 
ciple coupled with special relativity permits the energy to 
reach the lattice in contravention of the notion of "asymptotic 
freedom," according to which the time and distance scales in- 
volved in the hypothetical nuclear reaction are so small that 
the nucleus is unaware of the embedding atomic lattice. 

With reaction (3), as in cold fusion, it seems that we have 
a metal lattice-mediated nuclear reaction. The reaction is a 
pickup reaction in which the less stable **K nucleus becomes 
an ultrastable ^Ca nucleus by latching onto a proton. To be 
sure, it is not clear at what range of depth in the metal lat- 
tice the reaction is occurring. An educated guess based on 
what we know of most cold fusion reactions is that the reac- 
tion is probably a near-surface effect, ranging from essen- 
tially the surface to a depth of perhaps a few microns into the 
nickel lattice. 

Mills and Kneizys postulate that rubidium carbonate 
(Rb 2 COj) should also be an ideal candidate for their novel 
chemistry reaction and promise to present work in the near 
future in this area. They surmise that the replacement of po- 
tassium carbonate by Rb 2 C0 3 in the light water-based elec- 
trolyte might also lead to this novel chemical reaction yielding 
an excess heat effect. Again one can show that as in the case 
of 39 K, this would make sense from the standpoint of the 
nuclear physics leading to a stable product nucleus. Arguably 
then, this is a cold fusion reaction. About 75% of naturally 
occurring rubidium is in the form of S3 Rb so that the cold 
fusion reaction takes the form 

S?Rb + \p -> HSr (9.6 MeV) . (5) 

(3/2,-) (1/2.+) (0.+) (M2J 

Note, as in the case of 39 K that the nuclear reaction has pro- 
duced a more stable nuclide, ^Sr, which, from the ultrasta- 
ble list [Eq. (2)1 is seen to have reached a more stable number 
of protons, 38, and has maintained its even number of neu- 
trons in this proton pickup reaction. An increase in w Sr 
would be the clue that this reaction is proceeding. (Strontium- 
86 is only ~!OVo abundant.) A partial test of this might be 
to substitute strontium for the rubidium in the electrolyte. 
Note that ~83Vo of naturally occurring strontium is in the 



form of M Sr t which has 38 protons and a magic number 50 
of neutrons. However, this reaction, represented schemati- 
cally by Eq. (6), is energetically possible as seen from the pos- 
itive Q value. It would lead to the nuclide W Y for which the 
neutron configuration is unchanged, but having a less stable 
number, 39, of protons than in the case of M Sr with 38 pro- 
tons. So, based on this logic, the substitution of strontium for 
rubidium should reduce the excess heat effect, or make it go 
away: 

gSr + {p-*gY(7.1MeV) . (6 ) 

(0.+) (1/2,+) (1/2.-) (El] - 

Note, in contrast to reaction (6), the large radiation frus- 
tration factor implied in reaction (5), where [M2] indicates 
that magnetic quadrupole radiation would be the lowest or- 
der of radiation involved were radiation actually to occur in 
connection with the deexcitation of the compound nucleus. 
A small radiation frustration factor is implied in reaction (6) 
for which the radiation would be electric dipole [El] and 
therefore extremely efficient. 

Mills and Kneizys indicated that they were unable to see 
an excess heat effect when the potassium carbonate was re- 
placed with sodium carbonate in the light water reaction. 
Thus, at Bush's suggestion, Bush and Eagleton ran a sodium 
carbonate cell, expecting to see no excess heat. To our sur- 
prise, it gave about twice the excess power as a comparable 
potassium carbonate cell. To see that this positive result is 
consistent with the present line of reasoning and inconsistent 
with the null result of Mills and Kneizys, consider the alter- 
native nuclear reaction to Eq. (3) represented schematically by 

??Na + I/>^?jMg(11.7MeV) . (7) 

(3/2,+) (1/2,+) (0.+) (Ml) 

Sodium-23 is 100% abundant. The key here is that even 
though the proton number, 12, of the product, ^Mg, is not 
an ultrastable number, the pairing effect is at work since the 
number of protons has been made even. Moreover, there* is 
a mass defect in the w Mg resulting in a released energy of 
11.7 MeV, which is greater than the energy release of 83 MeV 
in reaction (3). [In fact, the energy release per nucleon of the 
product in reaction (7) is more than double the energy release 
per nucleon of the product in reaction (3).l 

A possible light water cold fusion reaction not indicated 
by Mills and Kneizys is the following, obtained when the po- 
tassium carbonate is replaced by cesium carbonate: 

^Cs + ip-'UBatfMeV) . (8) 

(7/2,+) (1/2,+) (0,+) [M3J 

This would have to be considered a borderline possibility. On 
the one hand, the new number of protons is an even number, 
but 56 is not on the ultrastable list. However, there is a mass 
defect in the product relative to the reactants of 8 MeV. In ad- 
dition, the radiation frustration factor is extremely large, as 
implied by magnetic octupole radiation [M3] being indicated 
as the lowest order. In fact, this is the highest multipolarity 
of any of the possible lowest order radiations found for re- 
actions considered in this paper. So, it would be worth ex- 
ploring this possibility as a potential light water cold fusion 
reaction leading to excess heat. 

Finally, we arrive at a hypothetical reaction, Eq. (9), 
which differs from the preceding reactions in that one of the 
reactant nuclides, ^Tl, is associated with neither an alkali 
nor an alkali-type atom. Thus, instead of having a single 
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5-state electron beyond a closed shell, thallium has three dec- 
irons outside a closed shell, but the highest energy electron 
of these is an unpaired electron in a p-subshell:, 

2 ??TI + \p - ^Pb (7.3 MeV) . (9) 

(1/2,+) (I/2.+) (0.+) IMI) 

The addition of the proton results in a nuclide, ^Pb, with 
a magic number 82 of protons. The neutron number of 124, 
while not magic is, nevertheless, on the ultrastable list. This 
should make^Tl (70.5Vo abundant) a likely candidate for 
a light water reaction. Thallium-203 (29.5% abundant) would 
also have a good possibility for a light water reaction, al- 
though the product, ^Pb, has a neutron number 122 that is 
not on the ultrastable list. Great care should be exercised 
when working with thallium since it is extremely toxic. 

IV. CANDIDATES FOR ALKALI-DEUTERIUM FUSION 
AND ALKALI-TRITIUM FUSION 

Since the hypothetical nuclear reactions (3) through (8) all 
involve the fusing of an alkali atom nuclide with a proton, it 
seems appropriate to coin the term "alkali-hydrogen fusion" 
for this class of nuclear reactions. This general reaction pat- 
tern also applies to the additional reactions considered now, 
although there are exceptions, such as reaction (9), that are 
specified in various sections. In this new form of fusion, an 
alkali atom nuclide, or, in some instances, an alkali-type 
atom nuclide, fuses with either a proton, deuteron, or triton 
to form a compound nucleus. The latter than deexdtes by los- 
ing energy to the atomic lattice, to achieve a more stable nu- 
clear shell-model configuration than was the case for the 
reactant nuclides. This greater stability is achieved by attain- 
ing an even number of protons and/or neutrons (in the case 
of fusion with a deuteron or triton), the pairing effect, or a 
magic number of protons and/or neutrons or one of the 
other numbers for either protons (neutrons) on the ultrasta- 
ble list. We now consider hypothetical reactions for the sub- 
classes alkali-deuterium fusion and alkali-tritium fusion. 

Returning to the potassium reaction in Eq. (3), one might 
guess that the substitution of heavy water for light water in 
the electrolyte might lead to ^Ca plus neutrons as shown 
schematically by the following proton-stripping reaction: 

1?K + ?D - JgCa + l 0 n (6 MeV) . (10a) 

(3/2.+) (I.+) (0.+) (1/2.+) [Ml) 

A possibility here is that a reaction between the compound 
nucleus and the lattice will result in the 6 MeV being given to 
the lattice (phonon formation) rather than going into the neu- 
tron. Thus, one would want to search for slow neutrons sug- 
gested by reaction (10a). Bush 27 and Bush and Eagleton 
recently reported seeing such slow neutrons in conjunction 
with a search for excess heat with a cathode consisting of a 
5-jim-thick film of palladium electroplated on a silver sub- 
strate but emphasize that the experiment must be repeated. 
Marshall 29 has also told the author that he believes that slow 
neutrons may be generated in some of the cold fusion reac- 
tions. This aspect is treated again in Sec. VI, where it is hy- 
* pothesized that cold fusion involves a nucleus-lattice effect 
essentially opposite to the well-known Mdssbauer effect. For 
additional reactions in this paper where the energy is listed 
next to a light particle, it is to be assumed that there is also 
the possibility that much of the energy was given essentially 
directly to the lattice in the deexcitation process. 



Mills and Kneizys also reported achieving excess heat 
using an electrolyte with potassium carbonate in heavy wa- 
ter. In addition, Noninski and Noninski 50 also obtained ex- 
cess heat with a heavy water-based electrolyte with K + Ions 
and a nickel electrode. A problem, then, for reaction (10a) is 
that it would have produced a large number of neutrons ac- 
companying the excess heat, and this was clearly not ob- 
served. Thus, two more likely reactions to account for the 
excess heat found are provided as follows: 

\lK + ]D - 4 £Ca (14.35 MeV) (10b) 

(3/2,4) (1.+) (7/2.-) PWI 

and 

tjK + ?D - gCa (15.85 MeV) . (10c) 

(3/2.+) (1.+) 

A possible superheavy water reaction for potassium based 
on the proton-stripping prototype might be the following: 

??K + ?T - £Ca + ^ (1.45 MeV) + Jn (1.45 MeV) . 

(3/2.+) (I/2.+) (0.+) 0/2,+) IMH 

(ID 

This would be the superheavy water analog of reaction (3). 

Another reaction based on this logic that might produce 
excess heat would be the superheavy water reaction involv- 
ing a tritium-based RbjCOj electrolyte with the nuclear reac- 
tion schematically represented by Eq. (12), since this leads to 
a nuclide, 8S Sr, which has a magic number 50 of neutrons 
and a very stable number 38 of protons: 

|?Rb + iT ffSr (20.7 MeV) . (12) 

(5/2.-) (I/2.+) (0.+) (M21 

Still a third possibility would be to employ a heavy wa- 
ter-based electrolyte to yield a w Sr nucleus and a neutron as 
follows: 

5?Rb + ?D - SSSr + l 0 n (7.4 MeV) . (13) 

(5/2.-) 0.+) (0.+) (1/2.+) CEU 

We note that the radiation frustration factor implied by [El] 
is very low for reaction (13), which suggests that it may not 
be highly favored. 

Possible alkali-hydrogen reactions for cesium with tritium 
and deuterium, respectively, appear to be as follows: 

'HCs + rr-'^Ba (15.9 MeV) . (14) 

(7/2,+) (1/2,+) (0.+) 1M3| 

For ,w Ba, the number of neutrons has become 80, which is 
not magic but is on the ultrastable list, while the number of 
protons, though not on the ultrastable list,. has been made 
even at 56, which takes advantage of the pairing effect. In ad- 
dition, [M3] implies one of the larger radiation frustration 
factors. 

»»Cs + \D - '&Ba (12.9 MeV) . (15) 

(7/2,+) (l ( +) (3/2.+) (Mil 

However, this reaction seems less likely than reaction (14) 
since neither of the nucleon numbers in l35 Ba are on the ul- 
trastable list, and the proton pairing effect in going from 55 
protons to 56 must be somewhat compensated by an unpair- 
ing of neutrons in going from 78 to 79 neutrons. 



•Half-life = 7.7 x 10 4 yr. 
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Similarly, hypothetical alkali-deuterium and alkali-tritium 
reactions for sodium are, respectively, 

?jNa + ?D - ?jMg + J „ (15.9 McV) (16) 

(3/2.+) (!.+) (0.+) (1/2,+) (MO 

and 

fiNa + ?T - ?fMg (21.6 MeV) . (17) 

(3/2.+) (I/2.+) (0,+) JMH 

One notes that the term "cold fusion" has become an 
emotionally charged one for many, especially those whose 
work involves high-temperature fusion reactions. It must be 
admitted that there is a possible semantic difficulty here that 
may be impeding an objective hearing for new and startling 
nuclear phenomena associated with hydrided metals. Thus, 
to the extent that "cold fusion" suggests that these new phe- 
nomena involve the familiar high-temperature reactions sim- 
ply duplicated at a relatively low temperature, the term is 
extremely misleading. For one thing, as many have noted, 
this could hardly be, since cold fusion laboratories do not 
show the lethal radiation fields that a simple low-temperature 
duplication of the familiar high-temperature nuclear reactions 
would entail. The nuclear reactions presented in this study so 
far, with one of the reactants in each reaction most likely an 
integral part of an atomic lattice at a relatively low temper- 
ature, serve to underscore this crucial difference: Alkali- 
hydrogen fusion is a new nuclear process, and it contains, as 
is shown in Sec. V, the hypothetical cold fusion reactions that 
have received the most attention from researchers. Perhaps 
the adoption of the term "alkali-hydrogen fusion," suggest- 
ing a genuinely new nuclear process, might help to reduce the 
unfortunate hostility generated by the term "cold fusion." 

K ALKALI-HYDROGEN FUSION FOR HYDROGEN AND LITHIUM 

A characteristic of all of the reactions considered in this 
paper, with the exception of those in Sec. VI, is that one of 
the reactants is an alkali atom and the other is the alkali-type 
hydrogen atom in one of its three varieties. In these cases, the 
relatively easy removal of the sole electron outside the inner 
core of closed shells by the metal lattice guarantees a much 
smaller entity, a singly ionized atom. This should permit it to 
travel through the metal lattice (e.g., nickel, palladium, etc.) 
much more readily than the larger neutral atom. The deute- 
rium-deuterium (D-D) reaction schematized in Eqs. (18), (19), 
and (20) could, of course, be a key example of alkali-hydrogen 
fusion, with Eq. (18) a strong candidate for a prime source 
of excess heat: 

?D + ]D - jHe + 23.84 MeV , (18) 

0.+) (0.+) [Ml) 

?D + \D - ]T (1.01 MeV) + \p (3.02 MeV) , (19) 

0.+) (1/2.+) [Mil 

and 

?D + ]D - iHe (0.82 MeV) + £n (2.45 MeV) . (20) 

<!,+) (1/2.+) (I/2.+) [Ml] 

Reasoning along the lines of the prototypical reaction in 
Eq. (3), reaction (18) should be favored over reactions (19) 
and (20) based on the stability argument, in that the 4 He nu- 
cleus is doubly magic with two neutrons and two protons. Re- 
actions (19) and (20) are favored to a lesser extent, leading as 
they do to the singly magic nuclides *T and 'He with two 
neutrons and two protons, respectively. 



It must be emphasized again that reactions (18), (19), and 
(20) are hypothesized to involve the lattice, also. Thus, they 
differ from the familiar D-D reactions in a thermonuclear 
plasma. It is nevertheless useful to assume a rough correspon- 
dence between them for purposes of comparison. For the re- 
actions in the thermonuclear plasma, reactions (19) and (20) 
have essentially the same branching ratio, which is orders of 
magnitude larger than the branching ratio for reaction (18). 

So, what produces an apparent reversal of this situation 
in the lattice in which reaction (18) is now favored over re- 
action (19) or (20)? One answer might be as follows: In the 
lattice, the longer de Broglie wavelength and lower velocities 
imply a much greater overlap and overlap time for two inter- 
acting deuterons so that the stability argument for reactions 
may make sense. For the thermonuclear plasma, on the other 
hand, the de Broglie wavelength is much shorter and the ve- 
locities much greater so that the overlap and the overlap time 
of two deuterons is considerably reduced. This poorer over- 
lap favors the stripping reactions corresponding to Eqs. (19) 
and (20). In addition, in the thermonuclear plasma, the large 
relative velocity of the deuterons militates against polariza- 
tion of the positive charge distributions of the two deuterons 
so that the branching ratios of reactions (19) and (20) are ap- 
proximately equal. For the lattice reaction, however, the rel- 
ative approach velocity is so much lower that the resultant 
positive charge distribution polarization may highly favor 
neutron exchange over proton exchange. Thus, the branch- 
ing ratio should be highly in favor of reaction (19) over re- 
action (20), implying the much larger tritium yield over 
neutron yield that researchers see. Employing this hypothe- 
sis, the author 31 derived a theoretical lower limit for the 
branching ratio between reactions (20) and (19) in terms of 
two independently determined parameters, the electromag- 
netic charge radius of the proton and that for the deuteron. 
The result, -2 x 10~ 9 , is essentially equal to the lowest ex- 
perimental value that has been obtained. Storms 32 indicates 
that he believes the author's calculation to be correct and 
points out that empirical deviations from the author's value 
can probably be explained on the basis of there being at least 
one other neutron-yielding reaction and experimental diffi- 
culties in establishing the branching ratio. 

As is well known, Fleischmann and Pons, and other re- 
searchers in cold fusion following their lead, employ the al- 
kali atom lithium in the electrolyte, typically in the form of 
a 0.1 M solution of UOD. Employing reaction (3) as our pro- 
totypical reaction, we can explore the best candidates for the 
lithium reactions. Thus, the alkali-hydrogen fusion reaction 
counterparts for 6 Li to the deuterium reactions (18), (19), 
and (20) are shown in Eqs. (21), (22), and (23), respectively, 
with reaction (21) as the best candidate for an excess heat re- 
action of the three: 

$Li + fD-2He(lL2MeV) + lHe(lI.2MeV) , (21) 

(1,+) (0.+) (0.+) [MI] 

%U + ?D - }He + \T + \p (2.56 MeV) , (22) 

(0.+) (1/2.+) [MI] 

and 

t Li + ?D - jHe + \Ht + l 0 n (1 .8 MeV) . (23) 

<!.+) U.+) (0.+) (1/2,+) (1/2,+) (Mil 

Thus, in line with the prototypical reaction (3), one sees in re- 
action (21) the production of two ultrastable doubly magic 
nuclides (two 4 He nuclei) in which both the proton and neu- 
tron numbers have become magic at 2. In addition, reaction 
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(21) might be the "stripping reaction 99 counterpart of the 
pickup reaction (3). Thus, in reaction (21), the *Li might be 
thought of as roughly an association of an ultrastablc 4 He 
nucleus and a much less stable deuteron. In this picture, the 
deuteron might be thought of as stripping the deuteron away 
from the 4 He within the 6 Li nucleus to produce two 4 He nu- 
clei. Moreover, reaction (21), like reaction (18), produces 
4 He in agreement with the recent findings of Bush, et al. 10 
that show a strong positive (negative) correlation, albeit not 
totally quantitative, between the presence (absence) of 4 He 
iq the effluent gases and the occurrence (nonoccurrence) of 
excess heat in connection with the cathode operation in the 
case of palladium cathodes. 

If lithium is key to the heat reaction, for example, via ref- 
action (21), then the extent to which the heat reaction is near 
surface or bulk, might depend on the degree of "lithiation" 
of the palladium cathode that exists prior to charging the 
cathode. In this connection, one recalls the apparent ease with 
which Huggins et al. n were able to achieve the excess heat 
reaction and the fact that Huggins was convinced that his 
cathode material had been prelithiated. On the other hand, 
Appleby et al. 13 witnessed a near-surface excess heat reaction 
and established that the depth of lithium penetration prior to 
the onset of observable excess power was ~5 jttm or so. In 
Appleby's case, this was about the depth of 6 Li penetration 
prior to the onset of an observable excess heat effect. Because 
of the more rapid diffusion of deuterons, as compared with 
lithons, it seems that prelithiation could lead to more of a 
bulk reaction should it turn out that reaction (21) is a key 
heat-producing reaction. On the other hand, the lack of bulk 
lithiation should lead to a near-surface effect, which may be 
more desirable in some cases. For example, because of the 
cost of palladium, it may be that a near-surface effect "reac- 
tor" would be more desirable than a bulk effect reactor. 

Until recently, it might have been argued that the time de- 
lay between the beginning of electrolysis and the first obser- 
vance of excess heat might have been geared to the diffusion 
time for lithium. Certainly, the time lag is greater than could 
be accounted for on the basis of the diffusion time for deu- 
terons, although advocates of "superloading" might argue 
that this long time lag of days or weeks might be necessary 
to acquire a high ratio of deuterons to palladium atoms (stoi- 
chiometry ;tl). The author, however, on the basis of his 
transmission resonance model 31 (TRM), has argued that this 
time lag may actually be associated with a surface condition- 
ing reaction in which the deposition of platinum black (in the 
case of a platinum anode) creates a condition according to 
which there is a low enough "hydrogen overvoltage" (i.e., 
hydrogen activation potential) and yet a high enough cur- 
rent density to observe the excess heat effect. [In the TRM 
(Ref. 31), the hydrogen overvoltage for an electrolytic cell 
with a palladium cathode should be less than -340 mV to see 
an excess heat reaction. On the other hand, it is known em- 
pirically that the excess heat effect disappears for current den- 
sities less than -60 to 100 mA/cm 2 .] 

Strong support for this portion of the TRM has now 
come from Szpak et al., 35 who reported on the use of palla- 
dium chloride to enable one to obtain the Fleischmann-Pons 
excess heat reaction within hours after the initiation of elec- 
trolysis. Palladium chloride functions to put down a layer of 
palladium black on the palladium cathode, which would 
function in much the same way as platinum black by increas- 
ing the active surface area. This was quickly corroborated by 
Bush and Miles. 34 

The author previously asked Storms about conducting 



such an experiment at Cat Poly to test a portion of the TRM, 
and Storms 33 suggested using palladium chloride to produce 
a layer of palladium black. So, it appears that the diffusion 
time argument in favor of reaction (21) being the key heat re- 
action has now been vitiated. 

Another possible branch of the D- 6 Li reaction in addi- 
tion to reactions (21), (22), and (23) is the following: 

?D + $Li - \p (4.35 MeV) + \U (0.68 MeV) . (24) 

0.+) 0/2.+) (3/2.-) lEi. Parity unfavored] 

Is a light water cold fusion reaction or a reaction involv- 
ing 7 Li suggested by the prototype? One possibility is the 
light water- 6 Li reaction in Eq. (25) producing the doubly 
magic 4 He and the singly magic (two protons) 3 He: 

f Li + \p - jHe (1.7 MeV) + |He (2.3 MeV) . (25) 

<1,+) (1/2.+) (0.+) (1/2,+) 1MI) 

It is this reaction that may be responsible for the fact that in 
some cases the excess heat reaction dies out gradually over 
time as heavy water is replaced by light water in the elec- 
trolyte. 

A possible 7 Li reaction with light water, the 7 li counter- 
part to reaction (21), is given by Eq. (26), which leads to two 
doubly magic nuclei: 

]Li + \p -> jHe (8.6 MeV) + $He (8.6 MeV) . (26) 

(3/2.-) (1/2.+) (0.+) (0.+) fBll 

This reaction may also contribute to the effect mentioned in 
connection with reaction (25), in which the excess heat effect 
dies away slowly when light water is substituted for heavy wa- 
ter in the electrolyte. Note that the radiation frustration fac- 
tor might favor the light water reaction (25) for 6 Li over this 
light water reaction for 7 Li. At any rate, experiments with 
light water should be conducted to test both reactions (25) 
and (26). If excess heat is found in connection with reaction 
(25), an attempt should be made to correlate the 4 He and 
*He produced with the amount of excess heat. In the case of 
reaction (26), one would be attempting a correlation of ex- 
cess heat and 4 He production. Clearly, however, these cor- 
relation attempts are probably considerably more difficult 
than in the light water reactions hypothesized to produce cal- 
cium or strontium. 

The 7 Li counterpart to reaction (23) is 

}U + ?D - 2$He + in (15 MeV) . (27) 

(3/2,-) U.+) (0,+)(0.+)(l/2,+) [Bl) 

Reaction (27) might account for Matsumoto's claim 36 of ob- 
serving neutron emission but no excess heat effect with light 
water and 6 LiOH. Thus, a small contamination of the elec- 
trolyte with 7 liOH and D2O might allow reaction (27) to ac- 
count for this claim, based on the fact that neutron detection 
is so much more sensitive than that of heat. A second branch 
of the D- 7 Li reaction might be the following: 

]Li + ?D - ?Be (16.7 MeV) . (28) 

a/2,-) (!.+) (3/2.-) [Mil 

VI. NEUTRON EXCHANGE REACTIONS: TRINT AND 0PPI 

If there are reactions in a hydrided metal such as nickel 
or palladium in which a proton is added to a nucleus to pro- 
duce a more stable nucleus, it makes sense that there should 
be corresponding reactions involving neutron addition. Re- 
actions (12), (14), (15), (17), (18), (21), and (24) are cases for 
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which both neutrons and protons arc added. Reactions in 
which neutrons alone arc added to achieve greater stability 
may include the following, in which one of the reactants is 
neither an alkali atom nuclide nor an alkali-type atom nu- 
clide: 

gCa + ?T - gCa + \p (8.7 MeV) . (29) 

(0 t +) (1/2.+) (0.+) [Ml) 

This reaction in which two neutrons are transferred from the 
triton to the heavier nuclide is hypothesized since the ^Ca 
nucleus is doubly magic with 28 neutrons and 20 protons. 

Reaction (30), a neutron-stripping reaction, results in a 
nuclide, ^Sr, having a magic number 50 of neutrons: 

USt + ?D - gSr + \ p (8.9 MeV) . (30) 

(9/2.+) (0.+) (1/2,+) [M3J 

Note, also, that this reaction has a large radiation frustration 
factor as implied by [M3J. 

The neutron-stripping reaction in reaction (31) is sug- 
gested since l38 Ba has achieved a magic number 82 of neu- 
trons as indicated by the ultrastable list: 

l UBa + ?D - *gBa + \p (6.3 MeV) . (31) 

(3/2.+) <!.+) (0.+) (1/2.+) [Mil 

Neutron transfer reactions involving the metal nuclides of 
palladium and nickel might be as follows: 

'gPd + ?T - W + \p (9.1 MeV) . (32) 

(0.+) (1/2,+) (0.+) (1/2.+) [Mil 

In reaction (32), the addition of two neutrons leads to l04 Pd 
with a number of neutrons 58 on the ultrastable list. In the 
next reaction, the addition of two neutrons leads to U0 Pd 
with a number of neutrons 64 on the ultrastable list: 

>2|Pd + ?T - 'JgPd + \p (8.5 MeV) . (33) 

(0.+) (1/2,+) (0.+) (1/2.+) (Mil 

The author 51 has hypothesized the two single-neutron 
transfer reactions (34) and (35) and the two three-body reac- 
tions (36) and (37), which result in double-neutron transfers: 

■gPd + ?D -> '2§Pd + \p (7.4 MeV) (34) 

(5/2,+) (l,+) (0.+) (1/2,+) [Ml] 

and 

'2§Pd + ?D - J SPd + \p (4.3 MeV) , (35) 

(0.+) (1.+) (7) (1/2.+) (?) 

}D + l 2JPd + ?D - \p (6.05 MeV) + ! gPd 

(1.+) (0.+) (1.+) (1/2,+) (0.+) 

+ \p (6.05 MeV) (36) 

(1/2.+) (Ml) 

and 

?D + »gPd + ID - j/> (5.77 MeV) + l £Pd 

(!,+) (5/2,+) <!.+) (1/2.+) (?) 

+ \p (5.77 MeV) . (37) 

(i/2.+) m 

Finally, in reaction (33) we have a two-neutron transfer 
reaction to produce ^Ni with a number of neutrons 32 on 
the ultrastable list. The number of protons 28 for nickel is, 
of course, magic: 



8Ni + ?T-gNi+-ip(11.9McV) . (38) 

(0,+) (1/2.+) (0,+) (1/2.+) IM1] 

Now, the general pattern of all of the reactions studied 
so far is that of the transfer of one to three nucleons from a 
light nucleus (e.g., fD or \T) to a heavier one. If the TRM 
(Ref. 31) is correct with its suggestion of the transmission 
resonance-induced neutron transfer (trint) reaction, then it 
might be consonant with this pattern to generalize this to a 
transmission resonance-induced nucleon transfer (TRINT) 
reaction. 

Another possibility is that the general pattern of nucleon 
transfer in a lattice may be modeled analogously to the well- 
known Oppenheimer-Phillips process. In this connection, we 
note that Ragheb and Miley," Paolo, 3 * Bush, 51 -* and Bush 
and Eagleton 40 have all suggested the Oppenhdmer-Phillips- 
type reaction as a strong possibility for cold fusion. If this de- 
scription for the general pattern turns out to be correct, 
perhaps the designation OPPL (Oppenheimer-Phillips process 
in a lattice) would be appropriate for these reactions. 



VII. A HYPOTHESIS: COLO FUSION INVOLVES AN EFFECT 
ESSENTIALLY OPPOSITE TO THE MfiSSBAUER EFFECT 

A serious difficulty in the acceptance of cold fusion has 
been the problem of how to dispose of the excitation energy 
of the compound nucleus to account for the fact that cold fu- 
sion laboratories are not flooded with lethal gamma rays or 
neutrons. The explanation that this does not occur because 
the energy has simply been carried away as the energy of the 
charged-particle products is, of course, a possibility, but ap- 
pears to lack credibility. Thus, the effects of bremsstrahlung 
and Coulomb excitation of the metal nuclei of the lattice that 
this should entail would still result in readily detectable radi- 
ation fields outside the electrolytic cell. 

Previously it has been suggested by Walling and Simons 26 
that this deexcitation energy is given directly to the electrons 
via internal conversion. With the electron-rich environments 
involved, this possibility cannot be dismissed. Nevertheless, 
it seems that detectable levels of X rays should arise from 
this. 

The author's hypothesis is that cold fusion (alkali-hydro- 
gen fusion) involves a nucleus-lattice effect that is essentially 
the opposite of the well-known Mossbauer effect. In the lat- 
ter effect, for a lattice temperature T that is significantly 
lower than a characteristic temperature, the so-called Debye 
temperature 0 Dt there is a significant probability of the "re- 
coilless emission* of an excited nucleus embedded in the lat- 
tice, that is, emission in which all of the deexcitation energy 
goes into the emitted gamma-ray photon because the entire 
crystalline lattice, rather than the nucleus, recoils to conserve 
the linear momentum. Because of the large mass of the crys- 
tal relative to the nuclear mass, the lattice requires essentially 
zero kinetic energy for this recoil. The probability / for such 
recoilless emission is given by Segr6 41 as 

(39) 

-R^H(0]} «~«- 

(40) 
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Thus, for a temperature low enough compared with the 
Dcbye temperature, the crystal acts as though it is stiff, 
whereas for increasingly higher temperature, the probability 
of phonon formation in the crystal (1-0, with subsequent loss 
of deexcitation energy to the gamma ray increases, as seen 
from Eq. (39). So, in the extreme opposite effect to the M6ss- 
bauer effect, most of the energy of deexcitation would actu- 
ally go to the crystalline lattice leaving relatively little energy 
in the gamma-ray or neutron component. This primary heat 
reaction would lead to 4 He (assuming that this is the nuclear 
"ash") and probably also some neutrons, born as slow par- 
ticles. This suggests looking also for thermal neutrons in con- 
junction with a search for excess heat. In support of this 
hypothesis is the fact that the Debye temperature of palla- 
dium is 274 K, and most of the best excess heat results in cold 
fusion research have been obtained with palladium with room 
temperature (-300 K) and higher. However, experiments with 
titanium, which has a Debye temperature of -420 K, have 
been relatively unsuccessful in achieving an excess heat effect. 
An exception, which seems to support this thesis, is that Lie- 
bert and Liaw 18 have recently achieved a large excess heat ef- 
fect in titanium by employing the electrolysis of molten salts 
at ~400°C (673 K). Also, Schoessow 42 claims to have dem- 
onstrated the excess heat effect at around room temperature 
for both zirconium (Debye temperature of 291 K) and ura- 
nium (Debye temperature of 207 K). A bit of a mystery here 
would be the Mills-Kneizys use of nickel as a lattice (Debye 
temperature of 450 K) since they ran at temperatures of only 
up to -350 K. (Referee 1 suggested that the answer here may 
lie in the alteration of the Debye temperature by the presence 
of the hydrogen.) 

Preparata 43 previously stressed the possible significance 
of the Mossbauer effect for the interpretation of cold fusion, 
emphasizing that it could hold the key to dispelling the so- 
called problem of asymptotic freedom. According to the lat- 
ter, the time and distance scales are too small for a deexciting 
nucleus to even be aware jof its embedding lattice. Preparata 
insisted that the MSssbauer effect requires the phenomenon 
of "superradiance" for its explanation. In opposition to this, 
the solid-state physicist S. Chubb 44 has insisted that the 
Mossbauer effect is associated with the well-known "umklapp 
process" from solid state and therefore hardly requires a su- 
perradiant explanation. Schwinger 25 in his NEAL model at- 
tempts to get the deexcitation energy directly into the lattice 
as phonons. Recently, Jones 45 argued that the uncertainty 
principle and special relativity combine to prevent the chance 
of excitation energy from the compound nucleus reaching the 
atomic lattice on a time scale that would provide an energy 
loss mechanism to compete with deexcitation via gamma de- 
cay or neutron emission. Jones* argument in favor of asymp- 
totic freedom is as follows. 

Consider the hypothetical transfer of -1 MeV from a 
compound nucleus to the lattice. The following form of the 
uncertainty principle is applicable to this situation, where AE 
is taken to be 1 MeV: 

AEAt*h . (41a) 

So, At = 0.65 x 10~ 21 s. During this time, the maximum 
range of transfer of the 1 MeV would be given by 

r = cAt. (41b) 

Substitution of the value for At thus yields 

r = 0.002 A , (41c) 



which appears to guarantee asymptotic freedom, i.e., inde- 
pendence of the nuclear and atomic regimes, and end the ar- 
gument. However, as Puthoff* 6 indicates, there is no reason 
why the transfer could not be in the form of a large number 
of energy packets, each of which is small compared to 1 MeV. 
Phonons, after all, would be expected to have much smaller 
energies. For example, taking phonons of the size of 0.1 eV 
following Schwinger, 23 the combination of Eqs. (41) and 
(42) now gives 

r~ 20000 A . (41d) 

Thus, the problem of asymptotic freedom is not necessarily 
a problem for cold fusion. 

Finally, the pedagogical point is often made that "zero* 
energy is required in connection with the crystal recoil to con- 
serve linear momentum in the Mossbauer effect. In point of 
fact, the energy is not identically zero. Rather, the energy is 
very small compared with the transition energy, but it is fi- 
nite and not zero. So, even with the MSssbaucr effect, it can 
hardly be argued that we are observing asymptotic freedom. 

VIIL IMPLICATIONS OF ALKALI-HYDROGEN FUSI0I FOR 
THEORETICAL MODELS FOR COLD FUSION 

The wider vista for cold fusion suggested by the existence 
of light water excess heat reactions should prove useful for 
efforts to construct theoretical models. The pattern suggested 
by alkali-hydrogen fusion and nucleon transfer in a lattice 
does not appear to eliminate any of the well-known models 
for cold fusion such as the TRM (Ref. 31), the Chubbs' lat- 
tice-induced nuclear chemistry (LENQ model, 47 HagelsteuVs 
coherent neutron transfer model, 4 * Mayer's hidron model, 
Preparata's superradiance model, 43 or Schwinger's NEAL 
model. 25 (This list is intended to be representative rather 
than exhaustive, and I apologize in advance for any models 
not included.) 

One should not forget that the presence of heavier nu- 
clides in some of these hypothetical reactions helps to enrich 
an already rich electronic environment provided by the metal 
ions of the lattice. Electrons can pass right through any nu- 
cleus, as is well known from the case of j-ekctrons possessing 
zero angular momentum, which are forced to pass through 
the nucleus. They can, therefore, get as close as required to 
any nucleon or part of the nucleus. Thus, an 5-electron can 
spend a certain fraction of its time inside a proton or a deu- 
teron. During this time, the entity of proton phis electron, or 
deuteron plus electron, would be charge neutral and see no 
Goulomb barrier. Now, for the case of neutron transfer, 
there is no Coulomb barrier. Proton transfer is quite another 
story, with a reaction such as Eq. (3) having no chance of a 
finite measurable cross section in an ordinary thermonuclear 
plasma because of an insuperable Coulomb barrier based on 
two-body forces. Perhaps in the lattice, however, protons are 
able to get near enough to the centers of these nuclides to un- 
dergo a nuclear reaction by virtue of such ^-electrons provid- 
ing screening. This, of course, would have the flavor of 
Mayer's model, but would not require the formation of 
"hidrons.* 49 (Preparata 43 previously stressed the importance 
of the electron plasma with regard to screening.) 

It was suggested in Sec. V that the TRINT reaction or 
OPPL seem to have the right feel to them to account for 
alkali-hydrogen fusion. At low energies in a lattice, the de 
Broglie wavelengths of particles would appear to be impor- 
tant. Thus, in both neutron and proton exchange, it is im- 
portant that the de Broglie wavelengths of these particles, 
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or those of the deuterons and tritons, overlap with the nuclei 
with which they are going to react. (McNally 30 employed the 
concept of a de Broglie wavelength interaction of very low 
energy nuclei.) This appears then to give a positive nod to 
those models for cold fusion that depend on the de Broglie 
wavelength either explicitly or implicitly, such as the TRM 
(Ref . 31), Bass' quantum resonance triggering (QRT) model, 51 
or the Chubb's LINC model. 47 (Bass* QRT model 51 combines 
the TRM with Schwinger's NEAL model 25 using the former 
to provide the "trigger" for Schwinger's 4 He- producing oscil- 
lations.) 

If reaction (3) is a valid cold fusion reaction (or alkali- 
hydrogen reaction), it appears to affect the aspect of the 
boson nature of the nuclear reactants in cold fusion. For 
should there be one cold fusion reaction employing a fer- 
mion, e.g., a proton or triton, as a reactant, it calls into ques- 
tion whether the basic nature of bosons is necessary for the 
excess heat reaction. The changes that this might entail for 
model builders may not be major. For example, Bush 31 cites 
boson properties as one of the features of his TRM, but never 
explicitly employs this feature. The Chubbs in their LINC 
model 47 appear to make more explicit use of boson proper- 
ties, even coining the phrase "Bose-Bloch condensate" to de- 
scribe the fluid of deuterons within a hydrided metal crystal. 
Of course, even they emphasize the periodic lattice, or 
"Blocb," aspect, in referring to Lattice-Induced Nuclear 
Chemistry. (Certainly, bosons would remain important in the 
scheme of things if only because of the potential significance 
to cold fusion of phonon formation in the lattice indicated 
in Sec. VII.) While we cannot, at this early juncture, rule out 
the possibility of several different nuclear processes being in- 
volved, it appears that the broader perspective provided here 
suggests that cold fusion is not the result of a boson conden- 
sation (Bose-Einstein condensation). And, if the boson na- 
ture of the deuteron turns out not to be crucial, as suggested 
by an application of Occam's razor in view of the probable 
existence of a light water cold fusion reaction, then this study 
serves to magnify even more the importance of the periodic 
lattice (Bloch aspect) for models attempting to describe the 
new reactions. 

Finally, the author is well aware that the hypothesis of the 
combination of a heavy nucleus with a proton at the surface 
of the metal cathode seems unlikely in the extreme from the 
standpoint of conventional nuclear physics because of the 
factor cxp(-ZiZ 2 e l /hv) associated with the Coulomb bar- 
rier, where Z x and Z 2 are the atomic numbers of the colliding 
nuclei. Certainly, if a fusion of a rubidium nucleus (Z = 37) 
with a proton (Z = 1) could be demonstrated, it would make 
the problem of fusing two deuterons in the lattice seem al- 
most trivial by comparison. Thus, an alternative hypothesis 
for the light water reaction would be the fusion of two pro- 
tons and an ^-electron to produce a deuteron and an electron 
neutrino: 

\p + \p + e~ - ?D + v, (1.95 MeV) . (42) 

Thus, an enrichment of the electrolyte with heavy water 
would be a partial signature, as would the observation of 
1.95-MeV deuterons. In addition, it would be interesting to 
run a light water electrolytic cell at a place like the Kami- 
okande facility in Japan to see if neutrinos can be detected 
from such a light water cell. Other reactions that may occur 
are as follows: 

\P + xP + X \P + - |He + e" + * t (7.44 MeV) (43a) 



and 

4{\P) + -» jHe + 2e~ + 2v t (27.23 MeV) . 

(43b) 

In all three cases, it is the presence of j-electrons inside the 
protons for a certain fraction of the time that would take care 
of the problem of the Coulomb barrier. In the case of the 
principal reaction in Eq. (42), the electron is destroyed in the 
reaction. Likewise, the secondary reactions represented by 
Eqs. (43a) and (43b) each involve the destruction of one of 
the s-electrons. However, the secondary reactions involve one 
and two additional ^-electrons, respectively, that are catalytic 
in the reaction in that they can emerge afterwards with part 
of the released energy. In this connection, then, it is interest- 
ing that researchers at Bhabba Atomic Research Centre have 
reported seeing fluxes of 10 7 to 10 8 electrons per second in the 
electron-volt to several kilo-electron-volt energy range emerg- 
ing from palladium and titanium samples that had been gas 
loaded or dectroryticaDy loaded with hydrogen or deuterium. 52 
This flux is smaller by a factor of ~10~ 5 than the number of 
electrons per second that would be involved in the primary 
reaction, Eq. (42), to produce excess power at the 1-W level. 
However, it may not be too large a flux to account for the ac- 
companying secondary reactions (43a) and (43b). Note that 
these electrons would ordinarily not be energetic enough to 
get outside an electrolytic cell with its electrolyte. However, 
such electrons would contribute to bremsstrahlung that might 
be observed indirectly via the fogging of dental film placed 
against cells. Reactions such as (42), (43a) and (43b) might 
also occur in heavy water cells because of contamination with 
light water. 

IX. A MEW TRM AVOIDS THE CRITICISM OF THE 
ONE-DIMENSIONAL TRM AMD SUGGESTS 
A SOLUTION TO THE SURFACE. OR 
NEAR-SURFACE. EXCESS HEAT REACTION 

Recently, Jfindel 53 calculated the fusion rate for the one- 
dimensional TRM and found it to be far too low to account 
for the empirical fusion rates for cold fusion. To take this 
criticism into account, the author has arrived at a new three- 
dimensional form of the TRM that avoids Jindel's criticism 
and yet manages to incorporate the predictive features for 
cold fusion data that were a hallmark of the original one- 
dimensional TRM. Thus, it is shown for the new three- 
dimensional TRM that we can continue to employ the 
one-dimensional transmission resonance condition as though 
the model were in fact one-dimensional, provided that we 
make an important reinterpretation of the transmission res* 
onance condition in terms of an ansatz for treating particle 
diffraction by a lattice known as Duane's rule. This new 
TRM will be presented in detail in a future paper. Here it 
must suffice to provide a brief sketch of those aspects of the 
model that are useful for present purposes. Finally, it is 
shown that the new TRM combined with the hypothesis of 
alkali-hydrogen fusion suggests a solution to the mystery of 
the surface, or near-surface, excess heat reaction in the form 
of an alkali-deuterium fusion reaction between 6 Li and a 
deuteron to produce essentially 4 He. 

In 1923, Duane provided an ansatz (later known as 
Duane's rule) for particle diffraction by a crystal lattice that 
is an alternative to the much better known treatment employ- 
ing the de Broglie wavelength of the particle. (I am grateful 
to R. Bass for reminding me of Duane's rule.) According to 
Duane, the periodicity of the crystal lattice itself leads to the 
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quantization of the linear momentum of the crystal in a di- 
rection normal to the lattice planes expressed by 

(Piat.)t = nh/L , n = 0,1,2 (44) 

The changes in the lattice's linear momentum in the z direc- 
tion can be expressed by 



A(P to ,.), = An(/i/I) 



(45) 



Equations (44) and (45) can be considered to be an expression 
of Duane's rule. The author showed 54 that Duane's rule can 
be theoretically based on phonon emission in a periodic lat- 
tice as an alternative to the well-known treatment employing 
the de Broglie wavelength of a diffracting particle. Indeed, 
the author 55 and, earlier, Lande 56 showed that the popular 
treatment employing the de Broglie wavelength for particle 
diffraction is inconsistent with the special theory of relativity. 
We now employ Duane's ansatz to provide a significant rdn- 
terpretation of the transmission resonance condition that, until 
now in the TRM, has employed the de Broglie wavelength. 

In Ref. 31, the transmission resonance condition in the 
TRM was expressed as 

(2/i + l)X/4 = L , n = 0,1,2 (46) 

It was pointed out in Eq. (7e) of Ref. 31 that Eq. (46) is a 
consequence of the Bragg law of diffraction, expressed as 

n\ = 2Lsin0 , n = 0,1,2 (47) 

Figure 1 shows that Eq. (47), which allows one to predict the 
diffraction angle 6 for a diffraction maximum, expresses the 
familiar fact that a diffraction maximum occurs when an in- 
tegral number n of de Broglie wavelengths n\ fit into the dif- 
ference in path (2L sinfl) between paths 1 and 2. Eliminating 
X by substituting X = h/p into Eq. (47) allows us to rewrite 
it in the form 

2psm$ = 2n(h/2L) (48) 



or 



2p z = 2n(h/2L) 



(49) 



where p z is the component of the particle's momentum in the 
z direction, i.e., transverse to the lattice planes. In the colli- 




Diffraction Maxima: nX = 2Lsin0 
Fig. !. Diagram for the Bragg law of diffraction. 



sion with the lattice, the particle's z component of momen- 
tum is changed from +p t to -p 4 . To conserve momentum, 
the lattice must increase its momentum by the amount given 
in Eq. (49): 

A(P te ,;) t = 2p z = 2n(h/2L) . (50) 

Note that this is consistent with Eq. (44) in that the new lat- 
tice momentum is still an integral multiple of (h/L). Thus, 
the Bragg law in Eq. (47) can alternatively be derived as a 
simple consequence of Duane's rule without employing the de 
Broglie wavelength X. (In conserving momentum, the lattice 
takes zero energy away from the particle in the collision, so 
that the latter is elastic. This is an umklapp process, which 
was previously mentioned in connection with the Mdssbauer 
effect.) From Eq. (49), we see that the z component of the 
particle momentum is quantized: 

p t = n{h/2L) = 2n{h/4L) (51) 

or, 

p z = 0, 2(A/4I), 4(A/4L), 6{h/4L) (52) 

Substituting X = h/p t into Eq. (46) provides the nonreflec- 
tion condition in the Duane treatment, or the Duane's rule 
equivalent of the transmission resonance condition in Eq. (46): 

p z = (2/i + 1)(A/4I) t n = 0,1,2,, . . , (53) 

which gives the condition that must be satisfied by the z com- 
ponent of the momentum of a particle for it to be transmitted 
resonantly, in contrast to Eq. (52), as 

p z = (h/4L) f 3(A/4L), 5(A/4I), .... (54) 

Note the contrast between Eqs. (53) and (51) and between 
Eqs. (54) and (52). 

We hypothesize that it is Duane's treatment that is mean- 
ingful for particle diffraction by a lattice. If so, then it is only 
the z component of a particle's momentum (the component 
normal to the lattice planes) that must be utilized, and the de 
Broglie wavelength need not be employed for particle diffrac- 
tion. (We are not throwing away the de Broglie wavelength 
for purposes other than diffraction but are hypothesizing with 
regard to particle diffraction that it is the Duane treatment 
that is physically meaningful.) Thus, from here on, the trans- 
mission resonance condition is hypothesized to be expressed 
by Eqs. (53) and (54) rather than by Eq. (46). Moreover, since 
it is the z component (normal to the lattice planes) of the mo- 
mentum that is quantized, without regard for the remaining 
component in the (x t y) plane, we have the flexibility to turn 
the one-dimensional TRM into a new three-dimensional 
TRM. One does not have this flexibility employing the de 
Broglie wavelength form of the transmission resonance con- 
dition in Eq. (46) since one cannot, for example, employ a z 
component of the scalar de Broglie wavelength. That is, the 
two formulations of the transmission resonance condition are 
not equivalent. The difference may seem subtle but is in fact 
monumental. Upon this distinction the new three-dimensional 
TRM is built. 

It is interesting to note, too, that the new TRM is now es- 
sentially an "energy band" model. This is easy to see since we 
have already indicated that it is the component of the parti- 
cle's momentum in the z direction that must be quantized, as 
shown in Eq. (54), to ensure resonant transmission in that di- 
rection. But this means that the particle also has its kinetic en- 
ergy associated with the z direction motion quantized, while 
the energies associated with its component motions in the x 
and y directions are essentially unrestricted. In essence, then, 
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we have energy bands built upon the quantized z direction ki- 
netic energies. In this connection, it is interesting to note that 
Chubb and Chubb have insisted for some time that the TRM 
is undoubtedly closely related to their LINC model, an ex- 
tremely interesting energy band model. 

In the new three-dimensional TRM, we take the direction 
at right angles to interstitial lattice planes (z direction) as 
physically significant with regard to the transmission reso- 
nance process. Thus, the x and y momentum components 
of a particle are of no consequence. It is the z component 
that produces elastic reflections in the case of p z satisfying 
Eqs. (51) and (52) or produces resonant transmission in the 
case of p z satisfying Eqs. (53) and (54). That we can ignore 
the particle's momentum in the (x t y) plane means that the 
new three-dimensional TRM has effectively been reduced to 
an equivalent one-dimensional model. This means that all of 
the positive features (e.g., nonlinear fine structure in a graph 
of excess power versus current density) discovered for the pre- 
vious one-dimensional model should still be valid. 

We hypothesize that a certain fraction of the resonantly 
transmitted ions are involved in collisions with particles lo- 
cated at interstitial sites. As we show, the more likely situa- 
tion is that of a heavy ion incident upon an interstitial proton 
or deuteron, and we shall see that the kinetics of this is rea- 
sonable. Moreover, the new formulation in terms of Duane's 
rule with its contrast between the behavior of the particles 
obeying Eq. (52) in a collision with the lattice with the behav- 
ior of those obeying Eq. (54) may unravel another mystery, 
namely, how the energy in the nuclear reaction gets into the 
lattice. Thus, particles obeying Eq. (52) undergo elastic col- 
lisions with the lattice, and the lattice recoils to conserve 
momentum via an umklapp process with no phonons being 
created in the lattice. In contrast, suppose a particle obeying 
Eq. (54) relative to the lattice undergoes an inelastic collision 
with a proton or deuteron in an interstitial lattice site. It 
seems that the opposite of an umklapp process by the lattice 
should now occur with a maximum of phonons created in the 
lattice. So, it is this process, opposite to the umklapp process, 
that suggests itself as the likely mechanism for producing 
phonons in the lattice during a lattice-induced nuclear reac- 
tion. Recall that we previously associated the umklapp pro- 
cess with the Mossbauer effect. So, in essence, with the 
formulation suggested by Duane's rule, we have hypothesized 
an effect that is the opposite of the umklapp effect and pro- 
vides a means of escaping the apparent jaws of asymptotic 
freedom. Moreover, the process emerges in a natural way 
within the framework of the new TRM. In addition, and very 
importantly, we take into account JandePs criticism 33 of 
the previous one-dimensional TRM. Thus, in the new three- 
dimensional model, a diffusion such as a deuteron is no 
longer envisioned as tunneling through Coulomb barriers on 
the order of a mega-electron-volt. Rather, its fulfilling of the 
condition of Eq. (53) enhances its chances of either being 
transmitted resonantly across a lattice plane or of being in- 
volved in an inelastic collision, the opposite of the umklapp 
process engaged in by a deuteron obeying the elastic collision 
condition of Eq. (51). Thus, in one scenario (Bass' quantum 
resonance triggering hypothesis 51 ), energy is transferred from 
this deuteron in the inelastic collision to an interstitial deu- 
teron, whose amplitude of oscillation in the lattice is accord- 
ingly enhanced, inducing it to undergo a nuclear reaction 
according to Sch winger's NEAL Model. 25 In a second sce- 
nario, the Born-Oppenheimer approximation breaks down: 
Electronic motions are now correlated with the motions of 
oscillating deuterons within the lattice. The enhancement 



of their vibration of one of these deuterons produces an en- 
hancement in the motions of nuclear reaction-catalyzing 
^-electrons. A third scenario envisions that the inelastic col- 
lision results in the transfer of a neutron to a palladium nu- 
cleus to leave a heavier palladium nucleus and a proton. (The 
new TRM stiU does not contain a detailed mechanism for the 
nuclear reaction, but the previous one-dimensional model 
also suffered from this defect.) 

Within this new interpretive framework, there appears to 
be the same advantage as before in the transmission reso- 
nance process in favor of heavy ions over light ones. Thus, 
in treating the light water nuclear reactions in a lattice, we can 
show that there is an advantage to having potassium ions in- 
cident upon protons in the nickel lattice rather than vice 
versa: Consider 39 K ions transmitted resonantly through an 
interstitial lattice of protons in the nickel crystal by virtue 
of satisfying the transmission resonance condition given in 
Eq. (46): 

(2n+l)A/4 = L, a « 0.1.2.... . (55) 

Following our interpretation, based on Duane's rule, h/p z 
should be employed in Eq. (55) instead of X. The term p z can 
now be written as 

p z = [In + \)h/AL = {2mE z ) in , (56) 

where E z is the kinetic energy associated with the motion in 
the z direction and m is the mass of the particle. Thus, the 
problem of a proton of energy E incident upon a 39 K ion, 
with the latter at a site in the lattice (interstitial or substitu- 
tional), is not equivalent to the reverse situation with the 39 K 
ion of energy E incident upon an interstitial proton. Because 
of the differences in masses, -4.4 times as many orders of 
transmission resonance are brought into play for the potas- 
sium ions as dif fusons as for the protons as diffusons. To see 
this, we substitute Eq. (56) into Eq. (55) and consider the en- 
ergy E z to be the same for species 1 (potassium ions) and 
species 2 (protons) having respective masses m x and m 2 : 

(2/i, + l)(m,r l/2 = (2n 2 + l)(m 2 r l/2 (57) 

or 

(2/ii + 1) = {m l /m 1 )' l/1 {2n 1 + 1) - (58) 

Substituting m, = 19.3 m 2 leads to 

n, = 4.4n 2 . (59) 

This effect would also favor lithium ions over deuterons in 
the standard heavy water cold fusion reaction. A group at 
Oak Ridge National Laboratory discovered that lithium had 
migrated much deeper into a piece of deuterated palladium 
than would be anticipated from the migration time and the 
known diffusion coefficient of lithium. 57 This incident might 
very well be accounted for on the basis of the resonant trans- 
mission of lithium ions through the deuterated palladium lat- 
tice. Such resonant transmission of ions is definitely suggested 
by the TRM and might be studied as an additional means of 
partially corroborating the new three-dimensional TRM. 

A mystery dispelled by the TRM is the disparity between 
the current densities employed to achieve excess power in cold 
fusion and those used in the light water Mills-Kneizys process. 
Thus, 2 mA/cm 2 is a typical current density for the light wa- 
ter excess heat reaction, whereas 200 mA/cm 2 is typical of 
the heavy water excess heat reaction. This might be thought 
to point to the fact that they are dissimilar processes as op- 
posed to the thesis here that they are both examples of alkali- 
hydrogen fusion. The situation with regard to the current 
densities is best understood with reference to Fig. 2, which is 
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Fig. 2. Activation ovcrpotcntial for hydrogen on various metals 
(2NH 2 S0 4 at 25°Q versus applied current density. 



essentially Fig. 9 of Ref. 31. Figure 2 differs from Fig. 9 of 
the earlier paper by the addition of curves for smooth pal- 
ladium and nickel, shown approximately by the dashed 
curves. An error in the figure caption of the earlier paper 
that is corrected here is the substitution of "concentration 
overpotentiaT for "activation potential." Thus, the "overvoh- 
age" of the y axis in that figure should be thought of as an ac- 
tivation overpotential. (I am grateful to E. Pye 38 of the Cal 
Poly Chemistry Department for pointing out this error.) The 
figure portrays the experimental realization for hydrogen of 
the well-known Butler- Volmer equation, Eq. (37) of Ref. 31: 

/ = / 0 exp[(l -0)F v /RT] . (60) 

This relation is incorporated in the derivation of the formula 
for the relative excess power presented in Ref. 31. It relates 
the applied current density i to the equilibrium current den- 
sity, or exchange current density i 0 , the hydrogen overvolt- 
age tj, and the kelvin temperature 7. The term F is the 
Faraday, R is the gas constant, and 0 is the "symmetry fac- 
tor," which can be taken as - \ for our purposes. Equation 
(60) can be rewritten by employing the relation F/R = q/k 9 
where q is the charge on a proton and k is Boltzmann's con- 
stant: 

i = / 0 exp(?i?/2*7) . (61) 

Reference 31 gives examples of exchange current densities for 
the hydrogen reaction on different metal surfaces at -300 K. 
Relevant exchange densities for the present purposes are 
platinum: / 0 = 10 mA/cm 2 ; palladium: 0.1 mA/cm 2 ; gold: 
10~ 3 mA/cm 2 ; nickel: I0" 4 mA/cm 2 ; and mercury: 10~ 10 
mA/cm 2 . Note that typical currents for the light water and 
heavy water experiments are 160 mA and 1 A, respectively. 
For the heavy water experiment, substitution of rj = 0.28 V ( 
/ 0 = 1 mA/cm 2 (partial platinization of the cathode surface 
should lead to a compromise between the f 0 values given for 



platinum and palladium), and 7*= 312 K into Eq. (61) leads 
to a current density of -182 mA/cm 2 . A typical cathode 
area of 6 cm 2 then implies a total current of -i A. For a 
typical light water experiment, on the other hand, Fig. 2 
shows that ij = 0.65 V would be reasonable. In addition, em- 
ploying j 0 = 10~ 4 mA/cm 2 and T = 312 K in Eq. (61) yields 
a current density of / * 2 mA/cm 2 . Multiplying this by a 
typical cathode area of -80 cm 2 yields - 160 mA. 

In the absence of precise knowledge of the nuclear cross 
sections, it is nevertheless interesting to compare the 39 K 
(light water) and 6 Li (heavy water) reactions with regard to 
relative weighting factors regarding stoichiometry, kinetics, 
and energy and to obtain total weighting factors for purposes 
of comparison by multiplying the respective weighting factors 
together: (The first-quoted relative factor in each statement 
refers to *K or reaction (3). the second to 6 Li or reac- 
tion (21).] The relative weights based on the molarities of the 
respective electrolytes are 0.57 and 0.1. The potassium reac- 
tion also receives an extra weighting factor of 2 because there 
are two potassium atoms in potassium carbonate and only 
one lithium atom in lithium deuteroxide. The percent abun- 
dances give weights of -0.931 and 0.074. Relative weights of 
6 and 39 can be assigned for the relative mobilities in the elec- 
trolyte based on the inverses of the masses. The currents cm- 
ployed in typical experiments are -1 to 6 in favor of the 
heavy water reaction. The respective energies released in the 
two nuclear reactions are 8.3 and 22.4 MeV, leading us to as- 
sign relative weighting factors of 8.3 and 22.4. From the pre- 
vious considerations on the density of transmission resonance 
energy levels per unit energy level [Eq. (58)), we obtain a rel- 
ative factor in favor of % given by (39/6) l/2 = 2.55. Fi- 
nally, the respective widths of the transmission resonance 
energy "windows" can be calculated from Eq. (18) of Ref. 31 
as 1 and 16.6. The two products of the respective relative 
weights then turn out to be -135 and 645 and have a ratio 
Rpwf of the products of the respective weighting factors 
given by 



/W=(645)/<135) = 4.8 



(62) 



It is interesting then that, in Bush and Eagleton's laboratory, 
the typical excess power yields from the heavy water experi- 
ments are about the same as those from the light water exper- 
iments. Thus, in the absence of knowledge of the nuclear 
cross sections, the agreement is rather good. Rough agree- 
ment of the two nuclear cross sections based on the mecha- 
nisms being the same might account for this agreement. 

While the door has been left open for the alkali-deute- 
rium D-D reaction shown schematically in Eq. (18) to be a 
contributing reaction, or even the principal reaction, we 
strongly suggest, based on the new perspective afforded by 
the alkali fusion hypothesis, that the alkali-deuterium D- 6 Li 
reaction shown in Eq. (21) is most likely the prime source of 
the excess heat in. Fleischmann-Pons-type experiments. In 
that case, the by-product, as in the case of the D-D reaction 
in Eq. (18), would be 4 He. It seems likely, then, that the 
other two branches of the D- 6 Li reactions given in Eqs. (22) 
and (23) might account, respectively, for the lower level tri- 
tium production noted by Bockris* 9 and the very low level 
yields of neutrons noted by the author 28 and others. [Note 
that the D- 7 Li reaction of Eq. (27) appears to be ruled out 
by the fact that so few neutrons are observed in cold fusion 
reactions.] In addition, there are no branches of the D- 7 Li 
reaction as counterparts to the D- 6 Li reactions (22) and (23). 
(We must be cautious here, however, because we have also 
hypothesized the successful experiment of Noninski and 
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Noninski 30 to involve 39 K on deuterium to give «°Ca and a 
neutron.) Let us briefly summarize the arguments in favor of 
the D- 6 Li reaction (21) being the prime source of the excess 
heat from the standpoint of the new hypothesized framework 
of alkali-hydrogen fusion: 

1. The 6 Li reaction involving a heavier ion ( 6 Li as op- 
posed to deuterium) seems to fit the pattern of the potassium 
reaction in Eq. (3) involving an ion, 39 K ( that is relatively 
heavy compared with deuterium. 

2. The 6 li reaction fits the pattern of the 39 K reaction as 
suggested by the ratio of the product of their respective 
weighting factors given in Eq. (62) as compared with the ra- 
tio of typical excess power yields. 

3. The 39 K-p reaction shows that bosons are probably 
not important for the reaction, nor is it important that the re- 
action involve two identical particles as in D-D fusion. 

4. The experiment of Appleby et aL 13 provides strong 
support for the D-Li reaction hypothesis. Thus, when Ap- 
pleby et al. 13 replaced LiOD with NaOD in the electrolytic 
cell, the excess heat reaction diminished to the point of not 
being detectable. The fact that substitution of LiOH for LiOD 
also made the reaction go away in this case shows that the re- 
actions involving lithium on protons specified in Eqs. (24), 
(25), and (26) have lower cross sections than their heavy wa- 
ter counterparts. A complicating factor would also seem to 
be that we need enough deuterons replaced by protons in the 
interstitial lattice to see a light water reaction. Experiments 
should be performed with relatively pure 6 LiOD and ^OD 
in an attempt to distinguish between these two possibilities. 

Finally, it is interesting, and important, to explore the re- 
quirements placed on the new TRM by the combination of 
the empirically known reaction rate and the known surface 
flux of 6 Li ions satisfying the transmission resonance condi- 
tion now taken to be Eq. (53). [As previously discussed, all 
of the equations of the old TRM can be retained if we sim- 
ply replace the de Broglie wavelength of the old TRM by 
h/p Zf i.e., Planck's constant divided by the component of the 
particle's momentum in the z direction, which is taken to be 
at right angles to the interstitial lattice planes. Also, the en- 
ergy E must be replaced by E z = p*/2m, the kinetic energy 
of the particle associated with motion in the z direction. 
(Even the considerations involving absolute temperature T in 
Ref. 31 can then be retained since it was shown for the one- 
dimensional TRM that E = E„ = (l)kT creates a special 
physical condition, where E„ is a transmission resonance en- 
ergy and 7* is the ambient temperature at the surface of the 
crystal.)! Thus, in their recent thin-film work, Bush and 
Eagleton 11 achieved an average of -3 W of excess power for 
a period of 54 days employing an electrolytic cell in which the 
cathode consisted of a 5-/im-thick layer of palladium electro- 
plated upon a substrate of silver. The total surface area was 
-4 cm 2 and the total current was - 1 A. For the D- 6 Li reac- 
tion of Eq. (21) the average fusion rate thus works out to be 
given roughly by 

AT = 8.4 x 10" fusion/s . (63) 

For a 1-A total current, the number of 6 Li ions incident 
upon the surface would be given approximately by 

(1 A/1.60 X 10"' 9 Q/(1836 x 6) 

= 5.7 x 10 u 6 Li ion/s hitting the palladium surface . 

(64) 



Calculation based on the equations of Ref. 31 show that the 
fraction of these incident 6 Li ions that have p t values plac- 
ing them in the transmission resonance energy windows is 
-2.5%. Then multiplying 0.025 times the total number of 
6 Li ions incident per second upon the cathode surface in 
Eq. (64) yields 

1.4 x 10 13 6 Li ion/s hitting the cathode that obey 

the transmission resonance condition . (65) 

The ratio of the number in Eq. (65) to that in Eq. (63) gives 
the average ratio of the eligible 6 Li ions hitting per second 
that must be involved in these alkali-deuterium fusions as -1 
in 17. Or, alternatively expressed, the number of incident 6 Li 
ions per second involved in nuclear reactions at the surface 
is - 1 in every 700 of the total number of 6 Li ions incident 
per second. If we take the reaction to be right at the surface 
and assume a surface area of 4 cm 2 and a relatively modest 
stoichiometry of 0.8 interstitial deuterons per palladium 
atom, this amounts to a reaction each second at only -1 out 
of every 10000 deuteron-fiUed interstitial sites. 

X. EXPERIMENTAL IIVEST1GAT10NS 

XX Introduction 

Since the main part of this technical note was written, 
four new electrolytic cells (44, 45, 47, and 48) employing 
nickel cathodes, platinum anodes, and a light water-based 
0.57 M electrolyte have been successfully run at Cal Poly by 
Bush and Eagleton. Cells 44, 45, and 47 employed a light wa- 
ter-based 0.57 M potassium carbonate electrolyte. The detec- 
tion of excess heat quantitatively correlated with calcium in 
cells 44 and 45 provides support for the hypothesis of a light 
water reaction expressed by Eq. (3) and alkali-hydrogen fusion 
set forth by the author before any experimental work had 
been done at Cal Poly to investigate the claims of Mills and 
Kneizys. (Cell47 was run for too short a period to have real 
hope of calcium detection.) 

Cell 48 employed a light water-based 0.57 M sodium car- 
bonate electrolyte. From the work of Mills and Kneizys, 1 we 
had anticipated that this would be a blank cell evidencing no 
excess heat. To the contrary, we discovered that it achieved 
a greater excess power-to-input power ratio for comparable 
input powers and current densities than the essentially iden- 
tical cell 47, which differed only by virtue of employing a 
0.57 Af potassium carbonate electrolyte rather than sodium 
carbonate. It may be possible to ascribe the fact that we were 
able to observe excess heat for a sodium cell, whereas Mills 
and Kneizys did not detect any, to the difference in cathode. 
Mills and Kneizys employed nickel plate, whereas we em- 
ployed a different alloy of nickel. In fact, when we employed 
the nickel plate described in Ref. 1 , we were unable to see ex- 
cess heat in the case of the one potassium cell we tried. Be- 
cause of our greater success with our cathode material, we 
have not yet made another attempt with the nickd plate. This 
excess heat can be accounted for on the basis of the nuclear 
reaction in Eq. (7) in which a u Na nucleus (odd-even) gains 
a proton to become a w Mg nucleus (even-even) with an ac- 
companying energy release to the lattice of 11.7 MeV. It is 
shown here that the new TRM gives a good theoretical pre- 
diction for the observed ratio of respective excess powers for 
the sodium carbonate cell (48) and the potassium carbonate 
cell (47). The detection of excess heat for a sodium carbon- 
ale cell had been ruled out by Mills and Kneizys based on the 
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novel chemistry of Mills and Farrell. So, this finding con- ' 
tradicts the Mills model and is additional support for the 
hypothesis of a light water nuclear process and the alkali- 
hydrogen fusion scenario. 

A dilution experiment suggested by the author and car- 
ried out in the Cal Poly laboratory by Bush and Eagleton 
demonstrates that the excess power effect is real. Moreover, 
the fairly rapid adjustment of the excess power level to the 
lowered sodium concentration (cell 48) and the excellent 
agreement of the experimental value for the decrease in the 
percentage of the excess power to the input power with the 
theoretical prediction for this value based on the dilution of 
the sodium concentration in the electrolyte provides evidence 
that the reaction is a surface reaction and supports the new 
TRM, as is shown here. 

A later section provides initial evidence for the produc- 
tion of strontium correlated with excess heat production in 
a Rb 2 COj cell. Because strontium background concentra- 
tions are generally much lower in the environment than that 
of calcium, this finding provides stronger supporting evidence 
than did the apparent finding of calcium production in two 
potassium carbonate cells. 

Thus, the preliminary experimental work in our labora- 
tory at Cal Poly provides strong support for the hypothesis 
of the light water excess heat reactions as cold fusion and for 
cold fusion as alkali-hydrogen fusion. In addition, the new 
TRM appears to be on the right track. On the basis of this 
model a cold fusion reaction might more aptly be termed a 
TRINT reaction. Another possibility would be OPPL. 

X.KL Experimental Resahs 

It has proven possible to get a reasonably good quanti- 
tative correlation between the amount of excess heat detected 
in the case of cells 44 and 45 and the respective amounts of 
calcium generated. Consider the excess heat first: When cor- 
rections are made for the results of recalibration, the excess 
heat yields were -0.35 and 0.75 MJ, respectively, for cells 44 
and 45, corresponding to average powers for the respective 
cells (13-day run for cell 44 and 15-day run for cell 45) of 
(0.31 ± 0.08) and (0.58 ± 0.15) W. Thus, the ratio of the ex- 
cess heat of cell 45 to that for cell 44 is given by 

ratio of excess heat =■ 2.16 ± 0.52 . (66) 

The amount of calcium in the electrolyte was gauged via 
flame photometry analysis (atomic absorption) performed in 
the Cal Poly Chemistry Department. This analysis provided 
the following raw numbers for the calcium content of the 
electrolyte samples: 

Virgin electrolyte (employed in both cells 44 and 45): 

-0.002 and -0.002 
Postrun electrolyte (cell 44): 

0.027, 0.023, 0.024, and 0.026 
Postrun electrolyte (cell 45): 

0.052, 0.046, and 0.045 . (67) 

Based on Eq. (67), the virgin electrolyte could not be a sig- 
nificant source of calcium contamination. Solutions for cal- 
ibration standards for the flame photometry test were made 
up for 0.5, 1.0, 2.0, 3.0, and 5.0 ppm of calcium. The raw 
numbers from the flame photometry test corresponding to 
these respective calibration standards were 0.031, 0.067, 



0.138, 0.205, and 0.340. (Floyd Howell, a stockroom man- 
ager for the Cal Poly Chemistry Department, is thanked for 
carrying out all of the flame photometry tests, and Carolyn 
Forrester, the other stockroom manager, is thanked for mak- 
ing up the calcium standards for these tests.) Comparing these 
with the raw numbers in Eq. (67) allows deduction of the ap- 
proximate concentrations of calcium in parts per million for 
the electrolytes of Eq. (67): 

Postrun electrolyte (cell 44): 0.40 ppm 

Postrun electrolyte (cell 45): 0.75 ppm . (68) 

Here, 0.75 ppm implies that there are 0.75 pg of calcium per 
millilitre of electrolyte. Employing these concentrations in 
Eq. (68) and the fact that the volumes of electrolyte in 45 and 
44 were 42.5 and 35 ml, respectively, it is now possible to ob- 
tain an approximate ratio of the respective amounts of cal- 
cium appearing in the two postrun electrolytes: 

ratio of calcium amounts = (0.75/0.4OK42.5/35) 

= 2.28 ± 0.14 . (69) 

Note that the ratios in Eqs. (69) and (66) compare quite 
favorably. 

A stronger condition is, of course, that the respective 
amounts of excess heat and calcium produced correlate quan- 
titatively for the respective cells: For cell 44, a concentration 
of 0.4 ppm translates to a mass of 14 /ig of calcium in the 
35-ml volume of electrolyte, or 2.11 x 10 17 ^Ca nuclei pro- 
duced. For a yield of 8.3 MeV of heat per nuclear reaction, 
the average excess power over a 13-day run would be 0.25 W, 
which compares reasonably well with the average excess 
power of (0.31 ± 0.08) W found experimentally for cell 44. 
For cell 45, the correlation is also fairly good; A 0.75 ppm 
concentration of calcium in the postrun electrolyte translates 
to 31.9 jig of calcium, or 4.8 x 10 17 ^Ca nuclei. Again 
taking an excess heat yield of 8.3 MeV per reaction, based on 
Eq. (3), the 15-day run of cell 45 would have an average as- 
sociated excess power of 0.49 W, which compares favorably 
with the (0.58 ± 0.15) W of average excess power experimen- 
tally determined for cell 45. So the stronger condition of 
respective correlations between excess heat produced and cal- 
cium produced is met quite well Again, however, it is impor- 
tant to emphasize that these are preliminary results. 

The issue of possible calcium contamination of the elec- 
trolyte by the nickel material of the cathode is an important 
one. This is especially true since the manufacturer has indi- 
cated that the "as-received n material, which we mechanically 
fabricate into cathodes, contains from 0.04 to 0.08 wtVo cal- 
cium, which is enormous for our considerations. The author 
originally suggested running the sodium carbonate cell 48 for 
the dual purposes of seeing what amount of calcium might 
be contributed to the electrolyte by the cathode and to have 
an excess energy blank. Before the postrun electrolyte was 
collected from this cell, we were careful to run the same 
amount of charge (-0.26 A -days) through it as was run 
through cell 44. In both cases, the cells were kept at a tem- 
perature of 39°C. Flame photometry analysis produced the 
following data: 

Raw data for the known calcium standards: 

0.5 ppm (calcium): 0.032 

1.0 ppm: 0.067 

2.0 ppm: 0.133 

3.00 ppm: 0.1% 

5.00 ppm: 0.324 (70) 
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Raw data for the samples: 

Sodium carbonate prerun (i.e., virgin) electrolyte: 
0.048, 0,044, 0.049, and 0.051 

Cell 48: postrun electrolyte: 

0.011, 0.010, 0.016, 0.018, and 0.018 

Deionized water employed in solutions and for rinsing: 
-0.006 . (71) 

Based on the raw data from the calcium standards, the raw 
data for the postrun electrolyte of cell 48 translate into 
0.23 ppm of calcium. However, this is considerably less than 
the 0.72 ppm of calcium in the virgin (prerun) electrolyte for 
the sodium cell 48. Thus, it seems that the calcium originally 
in the cathode makes no contribution to that of the postrun 
electrolyte in a positive sense. If, on the other hand, correc- 
tions are made to the respective postrun electrolyte calcium 
concentrations for cells 44 and 45 assuming uptake by the 
cathode of part of the calcium produced at its surface, then 
this is clearly a complicating issue. Nevertheless, the evidence 
appears unambiguous from the sampling of the virgin and 
postrun electrolytes of cell 48 that the electrolysis process with 
the nickel material as the cathode tends to lower the calcium 
concentration of the virgin electrolyte. This fact and a com- 
parison of the virgin and postrun electrolytes for cells 44 and 
45 offer strong evidence for the production of calcium during 
the electrolytic process. It seems most likely that the calcium 
was produced by reaction (3) in which a 39 K ion incident 
upon the nickel cathode manages to add an interstitial pro- 
ton in a way that is as yet poorly understood, but appears to 
involve the transmission resonance phenomenon discussed 
earlier. 

It was found that the excess power levels of the sodium 
cell (cell 48) normalized to the input power all exceeded those 
for the potassium cell (cell 47) for cases of comparable cur- 
rent density and input power and that the average ratio of 
these respective normalized power values was approximately 

1.90 ± 0.33 . (72) 

Interestingly enough, the new TRM gives a very close predic- 
tion to this if we make the interesting simplifying assumption 
that the cross sections for the nuclear reactions of Eqs. (7) 
and (3) are approximately the same. Then, the only difference 
in the excess powers is based on the difference in the energy 
yields per reaction of 11.7 MeV for the sodium reaction 
[Eq. (7)] and 8.3 MeV for the potassium reaction [Eq. (3)] 
and mass factors involving the mass values of 23 and 39 for 
sodium and potassium, respectively. (Other factors, such as 
the surface temperature, molarity of the electrolyte, surface 
areas of the cathodes, fractional hydrogen loading of the 
cathodes, etc. etc. are assumed to be the same.) According to 
the new TRM, the formulas for the old TRM are still valid 
in the three-dimensional case. [The sole exception is that the 
limitation to transmission resonance states below a certain or- 
der (established empirically as about n = 17), which was 
based on thermal disruption (phonon exchange), is no lon- 
ger considered valid by the author.] The TRM expression for 
relative excess power is given by Eq. (41) of Ref. 31: 

P, = flio 2 T- l L H {lT m - 271n(/// 0 )] ,/2 7;exp(-r il /rM . 
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where 

/ = applied current density 

/o = equilibrium current density 

T = temperature of the electrolyte near the surface of 
the cathode 

T„ = transmission resonance energy in temperature units 
given in Eq. (3) of Ref. 31 as 

T n = (2n + l) 2 T 0 , (74a) 

where 

r 0 = A 2 /32mL 2 , (74b) 

where 

h = Planck's constant 

m = mass of the ion incident upon the lattice 

L = lattice spacing of the crystal. 

The term T n is related to the quantized energy E t in Eq. (56) 
by Boltzmann's constant: 

E z = kT n . (75) 

For purposes of comparing the sodium and potassium ceil ex- 
cess powers, the mobilities must be accounted for by divid- 
ing all factors of / and ip in P r in Eq. (73) by the mass Af 
This results in simply dividing P r by M . [Previously, Eq. (73) 
was employed in practice by the author only to compare ex- 
cess powers for two cases involving the same species of ion, 
namely, the deuteron.] According to the TRM, the ratio of 
excess powers should be given by 

*n*/k = ([(PrWA/w.) /IWk/MkI) , (76) 

where {P r )u* and {P r )k are, respectively, the relative excess 
power factors from Eq. (73) for the sodium and potassium 
cells. The second factor is the ratio of the energy yield in 
the sodium-on-proton nuclear reaction of Eq. (7) to that of 
the potassium-on-proton nuclear reaction of Eq. (3). The re- 
spective energies arc 11.7 and 8.3 MeV. For nickel, / 0 = 
10 -4 mA/cm 2 (Ref. 31) is employed as an approximate value 
for purposes of this calculation, and the applied current den- 
sity will be taken to be / — 2 mA/cm 2 . For deuterons as the 
incident ions, the value of T 0 in Eq. (74b) is taken to be 

(r 0 ) D = 3.98K . (77a) 

Then, since T 0 in Eq. (74b) scales inversely as the mass of the 
incident ion, the Tq values follow immediately for the cases 
of sodium, potassium, and rubidium as incident ions with re- 
spective approximate masses of 23, 39, and 85: 

(T 0 )u* = (W2/23) = 0.346 K , (77b) 

(T 0 ) K = 0.204 K , (77c) 

and 

(7" 0 )Rb = 0.0936 K . (77d) 
Employing Eqs. (73), (77b), and (77c) yields 

(78a) 
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and 

I(P r ) K /A/ K ] = 1.426 x 10-5 (78b) 

Then, from Eqs. (76), (78a), and (78b), the TRM's theoreti- 
cal prediction for the ratio of the excess powers for sodium 
and potassium cells is given by 

*ni/k = (1.812 x l<r 5 /1.426 x 10- s )(11.7 MeV/8.3 MeV) 
= 1.8 . (78c) 

Note that this is in good agreement with the experimental re- 
sult in Eq. (72) of 1 .9 ± 0.3. While this good agreement might 
simply be fortuitous, it seems more likely that it evidences an 
underlying simplicity associated with the transmission reso- 
nance phenomena discussed in Sec. VIII. (Recall, also, that 
the transmission resonance phenomenon was previously em- 
ployed in the attack on so-called asymptotic freedom.) 

Not only does this provide support for the new TRM, it 
also provides support for the TRM's scenario in which so- 
dium and potassium ions are incident upon the interstitial 
protons (contributed by the light water) in the nickel lattice 
at, or extremely near, the surface. Note that there is no prob- 
lem of a surface reaction in the new TRM since the de Broglie 
wavelengths of the ions are no longer involved in the trans- 
mission resonance aspect of the model. Rather, it is the Duane 
rule that is employed for the transmission resonance and that 
receives its theoretical justification from previous theoretical 
work. 54 ' 55 Moreover, the energy shift employed in the orig- 
inal TRM, and which has been carried over to the new TRM, 
now makes sense as an energy shift produced by the hydro- 
gen activation potential (hydrogen overvoltage), as surmised 
earlier. The overall picture, then, is one in which the nuclear 
reaction is between an ion obeying the transmission resonance 
condition and a proton, deuteron, or triton at an interstitial 
lattice site. The reaction should occur in any matrix in which 
a hydrogen lattice (protons, deuterons, or tritons) can be set 
up and with ions for which the addition of a nucleon, or 
small cluster of nucleons, yields a nuclear reaction in which 
energy is released. Of course, the reaction need not occur 
right at the surface but would probably be reasonably near, 
with the Duane rule simply requiring the existence of a peri- 
odic lattice. 

In another experiment suggested by the author, Bush and 
Eagleton carried out a dilution experiment involving cell 48, 
in which 10 ml of deionized light water was substituted at 
regular intervals for the electrolyte of the sodium cell for the 
purpose of studying the effect on the excess power level nor- 
malized to the input power as a function of decreasing ion 
concentration. As anticipated, the excess power normalized 
to input power decreased with increasing dilution, evidenc- 
ing the fact thai the excess power was real and not simply due 
to a calibration offset or other artifact. More than that, how- 
ever, was the fact that the excess power percentage decreased 
relatively quickly and the decline could be accurately pre- 
dicted from the theoretical decrease in the sodium concentra- 
tion produced by the known dilution. Thus, for the 45-ml 
volume of sodium carbonate electrolyte (light water, 0.57 M) 
the substitution of It) ml deionized light water reduces the 
relative sodium concentration from 100% to (35/45 ml) x 
100% = 77.8%, which implies a theoretical decrease of 
22.2% in the excess power. Experimentally it was observed 
that (excess power/input power) x 100% for the cell went 
from (0.55/0.64 W) x 100% = 86.0% before the first 10-ml 
substitution to (0.40/0.625 W) x 100% = 64% in -40 min, 
which is a decrease of 22.0%, in excellent agreement with the 



theoretical decrease in the sodium concentration. After the 
second 10-ml substitution the theoretical sodium concentra- 
tion should have been (27.23/45 ml) x 100% = 60.5% for a 
decrease of 17.3%. In agreement with this, the normalized ex- 
cess power level was observed to decrease by 17.7%. [After 
the third 10-ml substitution, the system went somewhat hay- 
wire with the power level actually increasing. We later discov- 
ered that this was more than likely due to a problem with the 
magnetic stirrer whose operational mode was apparently up- 
set in the mechanical process of opening the cell and making 
the third dilution. (Future cell designs will incorporate a fea- 
ture making it possible to substitute a chemical without turn- 
ing off the cell's input power or physically opening it up. 
The dilutions here required that the cell current be turned 
off for -3 min.) Another distinct possibility is that the cur- 
rent density prior to the dilution may have placed the sam- 
ple close to a relative minimum (cusp) associated with the 
TRM. A small change either way in the current density would 
then be sufficient to produce a net increase in the excess 
power.] Even though the experiment covered only 2 h and in- 
volved only two dilutions, the results give strong support to 
a surface reaction and also support the TRM scenario in 
which a heavy ion is incident upon a lattice of interstitial pro- 
tons created by the metal lattice. (The dilution experiment re- 
sults would also fit into a scenario of a purely chemical 
reaction at the lattice surface. The nuclear nature is guaran- 
teed by the fact that cell 48 produced a total excess heat of 
-0.1 MJ.) 

Clearly, then, there appears to be strong preliminary sup- 
port for the hypothesis of light water excess heat reactions 
and for cold fusion as alkali-hydrogen fusion or TRINT. 

XX. Additional Results 

Since the original experimental section was written, two 
cells, 49 and 50, employing a light water-based Rl^COj elec- 
trolyte (0.57 Af ) have been tried at the author's suggestion, 
as well as another sodium carbonate (0.57 M) cell, cell 51. 

In the case of cell 51, which was found to produce excess 
heat, an experiment was performed in which heavy water was 
added to the cell to note its effects on the excess power. 
(While this was an experiment that we had planned to per- 
form, it was carried out in time for this technical note because 
of the urging of E. Mallove. I thank him for this and for his 
general encouragement of my work.) Prior to the addition of 
heavy water the excess power was -1.02 W for an input 
power of 15.628 W, which represents a "gain* of -6.5%. Ten 
minutes after the addition of 1 ml of D 2 0 to the original 
electrolyte volume of 45 ml, the corresponding values were 
0.90 W and 15.726 W for a reduced gain of 5.7%. Another 
millilitre of heavy water was now added, bringing the total 
electrolyte volume to 47 ml. After - 1 5 min, the excess power 
began to climb and reached * 1.99 W, which represented a 
gain of — 12.3%, after -25 min following the addition of the 
second millilitre. However, 24 h later, it was observed that the 
power had climbed to -5.89 W, representing a gain of 
-27.3%. 

An immediate observation is that these preliminary results 
apparently rule out models in which light water excess heat 
effects are the result of a small heavy water contamination of 
the light water. (Recall that - 1 out of every 8000 molecules 
in ordinary distilled water is D z O.) Thus, if the contamina- 
tion hypothesis were correct, the excess power should have 
risen much more with the huge percentage increase in the 
number of deuterons in the electrolyte than it eventually did. 
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Of course, that is barring some exotic saturation effect, which 
appears highly unlikely. . 

There is a difficulty in attempting to apply the TRM to 
provide a theoretical explanation for these results as in the 
previous case of applying it to explain the ratio of the excess 
powers for the sodium and potassium cells. Thus, in the lat- 
ter instance, the simplifying assumption was made that the 
nuclear cross sections are very nearly the same for reactions 
(3) and (7). The likely candidate reaction initially in the 
present case, since we have an interstitial lattice of protons 
from the light water, is represented by 

D +p- 3 He (5.45 MeV) . (79) 

It is too much to expect that the cross section for this reac- 
tion would be the same as the other two, since the number of 
protons in the nucleus is 1 here, as compared with 1 1 for the 
case of sodium and 19 for potassium. We can, however, work 
backward employing a calculation such as Eq. (78c) to com- 
pare the cross section for Eq. (79) with that for Eq. (7). The 
value of (P,) D /Af D is readily calculated from Eq. (73) to be 
4 53 x 10" 3 as compared with 1.81 x 10~ 5 for the corre- 
sponding value from Eq. (73) for sodium. The ratio of the 
concentrations of ions for deuterium and sodium is readily 
shown to be (0.0426/0.546 M ) after the addition of the 2 ml 
of D 2 0 to the original 45 ml of electrolyte. The ratio of the 
energy yields in the two nuclear reactions is given by (5.45/ 
1 1 .7 MeV). To find the ratio of the cross sections for the two 
reactions, the ratio of the P r /M factors is multiplied by the 
two latter ratios and the ratio of the cross sections R a , and 
then this product is equated to the experimentally determined 
ratio of the excess power associated with the deuterium re- 
action to that associated with the sodium reaction given by 
(0.97/1.02 W): 

0.0908(*«W = 0.97/1 .02 W = 0.95 W . (80a) 



which is reasonably close to the ratio of the energy yields of 
the 4 He and J He reactions of Eqs. (81) and (79), respec- 
tively, given by 



(23.8 MeV/5.45 MeV) = 4.37 



(83) 



Of course, a key assumption in these highly simplistic con- 
siderations is that the cross sections for reactions (81) and (79) 
are about the same. This does not appear terribly unreason- 
able from our previous considerations in that both reactions 
(81) and (79) involve the same number of protons, namely, 
1 , in each of the nuclear reactants, and 2 protons in each of 
the nuclear products. While this may all be overly simplistic, 
it is, nevertheless, intriguing that this is consistent with the 
counterpart of the calculation in Eqs. (80a) and (80b) for the 
ratio of the cross section of Eq. (81) to that for the sodium 
reaction in Eq. (7). All of the factors are the same in calcu- 
lating (/Wiy/Na «cept that the ratio of the energy yields on 
the right side (not shown) in Eq. (80a) should be replaced by 
(23.8 MeV/11.7 MeV) and the ratio of the empirical excess 
powers should be replaced by (4.87 W/1.02 W). With these 
changes, Eq. (80b) is replaced by 



(*«)dvn. = 12 



(84) 



It follows from Eqs. (84) and (80b) that the ratio of the 
cross sections for the reaction (81) producing 4 He to that in 
Eq. (79) producing 3 He is -1 and given by 



(*cr)D7D= 12/10.5 = 1.1 



(85) 



Thus, 



(80b) 



(The decrease in excess power immediately after the addition 
of the first millilitre of heavy water can perhaps be attributed 
to the decrease in the concentration of sodium ions and the 
input energy to separate oxygen and deuterium ions at the 
cathode surface.) 

To account, however, for the much higher average excess 
power level of 5.89 W observed when the cell was checked 
24 h after the addition of 2 ml of D 2 O t we invoke the *He 
reaction as the dominant heavy water reaction now since 
there is a sizable number of deuterons at this stage in lattice 
interstitial sites, represented by 



That these cross sections are almost the same seems reason- 
able in view of the fact that the deuteron and proton both 
contain the same amount of positive charge. Also, the fact 
that the cross section is slightly larger for the D-D reaction 
than for the D-p reaction seems reasonable in view of the rel- 
atively loose nuclear structure of the deuteron with two neu- 
trons able to "reach out" in the former reaction more than 
one neutron in the latter reaction. 

Cells 49 and 50 contained a light water-based R^COs 
electrolyte (0,57 Af ) that was tried at the author's suggestion 
to test the ifiddel. 

While cell 50 exhibited no excess power, the other rubid- 
ium cell, cell 49, did evidence excess power. The excess pow- 
ers in this case were lower than for the sodium or potassium 
cells, which seems reasonable in view of the fact that a cal- 
culation for rubidium as the incident ion along the lines of 
that in Eq. (73) for sodium shows that the latter should yield 
2.4 times the excess power as compared to an otherwise iden- 
tical rubidium cell. On correction for recalibration, cell 45 was 
calculated to have produced an approximate excess heat of 



D + D-+ 4 He(23.8 MeV) 



(81) 

To see that this makes sense in terms of the experimentally 
observed excess powers reported previously, note first of all 
that the ratio of excess powers observed shortly after the sec- 
ond millilitre of D 2 0 was added for the hypothesized heavy 
water reaction in Eq. (79) and the light water reaction for so- 
dium in Eq. (7) is given by 

0.95 ±0.11 . (82a) 
On the other hand, after 24 h this ratio had become 

4.77 ± 0.52 . (82b) 
Note now that the ratio of Eq. (82b) to Eq. (82a) is given by 

5.02 ± 1.17 , (82c) 



(37 ± 17) kJ . 



(86) 



An atomic absorption analysis was then conducted to check 
for strontium in the postrun electrolyte: Because of the 
Christmas vacation, Cal Poly Chemistry Department's atomic 
absorption machine was unavailable. The author was fortu- 
nate, then, to locate a state-of-the-art Hitachi flame photom- 
eter (model Z8100) at Geo-Monitor, Inc., in Hesperia, 
California, that also had a strontium lamp. The author is 
grateful to Mary Ann Lucas of Geo-Monitor for performing 
the strontium analysis and to the company for contributing 
this fine work to our research program at Cal Poly. The fol- 
lowing results were attained in parts per million of strontium 
("Parts per million" here refers to a concentration in terms 
of micrograms per millilitre of solution.): 
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Postrun electrolyte (cell 49) [treated with lanthanum. A "puratronic grade" 
of rubidium carbonate from Aesar (Johnson-Matthey) was employed for 
the electrolyte.] 

Prerun electrolyte (cell 49) (treated with lanthanum) 

Prerun electrolyte (cell 49) (not treated with lanthanum) 

Prerun electrolyte that had been heated for 5 days to between 39 and 60°C 
in a sealed glass jar (cleaned with chromic acid) with pieces of prerun 
nickel cathode of the same mass and composition as the nickel cathode 
employed in cell 49. (I am thankful to N. J. Kertamus of Southern Cali- 
fornia Edison for suggesting this.) (treated with lanthanum) 

Postrun electrolyte (cell 50) (treated with lanthanum) 

Postrun electrolyte (cell 50) (not treated with lanthanum) 



(0.07 ± 0.01) ppra 
(0.01 ± 0.00) ppm 
(0.00 ± 0.00) ppm 



(0.00 ± 0.00) ppm 
(0.00 ± 0.00) ppm 
(0.00 ± 0.00) ppm 



(87) 



Treatment of the solution with lanthanum is prescribed 
to suppress interfering absorption lines from other elements 
that might have contributed to a false reading for strontium. 
I am grateful to Phrosty Chimiklis of the Cal Poly Chemis- 
try Department and of the Chemistry Department at Victor 
Valley Community College for preparing the solutions with 
lanthanum and for arranging to have the atomic absorption 
analysis performed at Geo-Monitor. 

An unsatisfactory aspect was that the postrun cathode for 
cell 49 was unavailable for any strontium testing since it had 
been used up in an attempt at a mass spectroscopic analysis 
that was thwarted by the large amount of rubidium compared 
with potential strontium and the inability of the spectroscope 
to obtain sufficient separation of the strontium and rubidium 
isotopes in the solubilized material. Nevertheless, it is fdt that 
potential strontium contamination of the electrolyte by the 
cathode should have shown up in the solution achieved by 
"cooking" prerun cathode material in prerun electrolyte. As 
seen in the fourth item in Eq. (87), this achieved a concentra- 
tion of (0.00 ± 0.00) ppm of strontium. 

Now, the concentration of (0.07 ± 0.01) ppm of strontium 
in the postrun electrolyte of cell 49, as seen from Eq. (87), 
translates into (3.2 ± 0.4) /ig of strontium for the 45-ml 
volume of electrolyte of cell 49. Based on the Rb-p reaction, 
Eq. (5), as the excess heat reaction, this strontium production 
should have been associated with an excess heat production 
of about 



(37 ± 6) kJ , 



(88) 



which is in good agreement with the empirically determined 
value for the total excess heat generated by cell 49 given in 
Eq. (86). 

This must be seen as stronger evidence for the present hy- 
pothesis than the previous calcium findings correlated with 
potassium cell operation since potentially contaminative 
background concentrations of strontium in the environment 
are small compared with background concentrations of cal- 
cium. Future studies are planned in which the amount of 
strontium produced is sufficient or is separated chemically 
from the rubidium to permit a mass spectrometric analysis. 
It is this, in the long run, that will be most convincing: Thus, 
if the ratio of the amount of 86 Sr to that of M Sr is the same 
as the ratio of the natural abundances of these isotopes 
(-0.12) we will know that the strontium was undoubtedly 
contaminative. On the other hand, if the ratio is closer to the 
order of magnitude of the ratio of the natural abundances of 
the hypothesized "parent" isotopes, 85 Rb and 87 Rb (-2.6). 
it will be a convincing signature of the present hypothesis. 
Not only is this experiment much easier than the outstanding 



4 He correlation experiment of Bush et al., 10 but hs potential 
for achieving this isotopic signature that would prove beyond 
the shadow of a doubt that the purported nuclear product is 
not the result of contamination guarantees that it could be a 
more definitive experiment. 

Most recently, two independent attempts to see strontium 
in the postrun electrolyte of cell 49 have been unsuccessful. 
West Coast Analytical Service conducted a mass spectromet- 
ric study and saw no strontium of any sort down to a level 
of -5 ppm. Similarly, Los Alamos National Laboratory was 
unable to detect elemental strontium in the postrun electro- 
lyte of cell 49 down to a concentration of 50 ppb employing 
arc spectroscopy. (I am grateful to E. Storms for arranging 
this test.) So, perhaps proton fusion reactions of the sort 
schematized by Eqs. (42a), (42b), and (43c), rather than the 
rubidium (potassium )-proton reaction, is the basis for the ex- 
cess heat in the light water case. 

However, Miles and Bush 60 have indicated to the author 
that the strontium, if it is the nuclear product, should be 
found in the postrun cathode, and this is now being investi- 
gated via SIMS and Auger spectroscopy. Also, with regard 
to the possibility of calcium as the nuclear product in the 
operation of a potassium cell, Srinivasan 61 has apprised the 
author of the recent findings of a company in India that em- 
ploys nickel cathodes, potassium salts, and heavy water in its 
commercial operation. Intrigued by a preprint of this manu- 
script via Srinivasan, they compared postrun electrolyte to 
prerun and found an otherwise inexplicably large concentra- 
tion of calcium in the former, as compared to the latter, and 
have submitted a note for publication. If this is not via con- 
tamination, it could be accounted for on the basis of the au- 
thor's reactions (10b) and (10c) in which a deuteron is added 
to a nucleus of potassium to yield a nucleus of calcium. 

Finally, just before this manuscript was being sent to the 
printer, the preliminary SIMS analysis for the postrun elec- 
trode of cell 53 (light water-based 0.57 M rubidium carbonate 
electrolyte, platinum anode, and nickel cathode) and the pre- 
run nickel material employed to fabricate the cathode became 
available. According to the analysis, two substances of weights 
86 and 87, tentatively identified as "rubidium hydride" 
( 83 RbH and ^RbH), were found in the postrun cathode but 
not in the prerun nickel cathode material. The ratio of these 
substances were the same as that of the ratio of 85 Rb to ^Rb. 
In addition, the ratio of "rubidium hydride" in the post- 
run electrode to rubidium was determined to be 6.2 x 10~ 5 . 
Note that the mass spectrograph associated with the SIMS is 
unable to distinguish between two substances having the same 
weight, so that w Sr would look the same as 85 RbH and w Sr 
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would appear the same as ^RbH. Now, in the author's esti- 
mation, the so-called "rubidium hydride- is very likely the 
strontium associated with the author's hypothesis of the light 
water excess heat reaction being a cold nuclear reaction. In 
support of this are the following. First, it would not be sur- 
prising on the basis of the model that the ratio of the amounts 
of M Sr and M Sr would be essentially the same as the ratio of 
the amounts of the parent isotopes of rubidium. Second, a 
simple calculation shows an intriguing correlation with the ra- 
tio 6.2 x 10~ 5 of the so-called "rubidium hydride" to rubid- 
ium: Cell 53 produced (3.6 ± 0.2) MJ of excess heat, which 
for the reaction of Eq. (5) translates into a hypothetical num- 
ber of strontium nuclei in the electrolyte for purposes of this 
calculation of (2.2 ± 0.1) x 10 18 . On the other hand, the ac- 
tual number of rubidium nuclei in the electrolyte was 3.4 x 
10 22 . And, the ratio of the former to the latter is then (6.5 x 
0.4) x 10~ 5 , which is intriguingly close to the experimental 
ratio of 6.2 x 10* 5 . Finally, RbH is very unstable, and the 
signals for RbO and RbHO were both much less than for the 
"rubidium hydride" whereas their greatest ability would im- 
ply a larger signal than for RbH. 

At the low-power end of the calibration curve (0.0 to 
~0.3 W), we have achieved our most spectacular gains of 
-800 to -50009b with several light water cells. In an effort 
to assess whether these high gains are meaningful or simply 
artifacts of the measurement process, the author suggested 
employing four different calibration curves for the RbOH cell 
corresponding to four different cell temperatures: 30, 33, 36, 
and 39°C. It was found in all cases checked that a high gain 
at one temperature (based on the appropriate calibration 
curve) translated into a high gain at the other three temper- 
atures (based on their respective calibration curves). Thus, 
these spectacular gains may be genuine. However, excess 
powers for these gains never amounted to more than several 
watts. On the other hand, there seems to be little doubt about 
the results with our light water cells yielding gains from ~25<fo 
to -300V© accompanying higher input powers from several 
tenths of a watt up to -15 W. Certainly, Mills and Kncizys 
are to be commended for their work. The fact that in our pre- 
liminary studies excess powers and higher gains with the 
Mills-Kneizys-type cells have been much easier to attain and 
far more reproducible for us than has been the case for the 
heavy water cells employing palladium cathodes encourages 
us to recommend light water research to other research 
groups. It must be emphasized, however, that while gains 
have been more spectacular for our light water cells, we have 
not yet exceeded the peak excess powers of - 10 W previously 
achieved in our heavy water work. 



XI. CONCLUSION 

It is important to remember that the nuclear reactions 
presented here, with their dependence on the atomic lattice, 
are hypothetical at this stage. However, if the excess heat pro- 
cess discovered by Mills and Kneizys 1 and independently cor- 
roborated by Noninski 2 and Bush and Eagleton is a light 
water cold nuclear reaction (alkali-hydrogen reaction or other) 
in accord with the present thesis, it is of signal importance for 
this emerging branch of science. The realization of an impor- 
tant new reaction related to the Fleischmann-Pons excess heat 
effect, but discovered outside the cold fusion community, 
that can be achieved robustly and in a highly reproducible 
fashion using essentially ordinary water, could eventually re- 
sult in a return to greater objectivity concerning cold fusion 



on the part of the general scientific community. Additionally, 
if the light water work constitutes a subinvolution within cold 
fusion, as the author maintains, the economic ramifications 
could be immense in view of the relative expense of heavy wa- 
ter (approximately SlOOO/gal) to that of deionized, or dis- 
tilled, water (pennies per gallon). 

Finally, it can be concluded that, should this general pic- 
ture, in which the heavy water excess heat reactions and those 
of light water are viewed as two sides of a coin of a new 
realm, hold up under objective examination, it would be an- 
other step enroute to the creation of an essentially new branch 
of science, namely, the physics of low-energy nuclear trans- 
mutations. 
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The purpose of (bis study is to evaluate claims of excess heat generation during water electrolysis. Several 
cells were constructed and operated similarly to low-current-density cells described in the literature. All 
produced excess beat as defined and calculated in the literature reports, but the production of excess heat 
eould be readily terminated by the introduction of various Harriers to the migration of hydrogen and oxygen. 
Remarkably, published reports of excess heat fail to disprove the presence of decreased faradaic efficiency 
(e.g.. current that oxidizes Hi or reduces 0 3 ) or systematic calorimetric errors. Illustrative examples of borh 
problems are given. Thus, failure to rule out prosaic explanations probably invalidates all the currently available 
reports of excess heat in both light water— Ni/Pt and heavy water— Pd/Pt cells. There is no compelling evidence 
that excess heat is of a nuclear origin in such electrolytic cells. 



Introduction 

, Since Fleischmann and Pons* 1 announcement of the genera- 
tion of excess heat by electrolysis with a Pd cathode in D 2 0, 
many experiments have been done rn an attempt to duplicate 
or even improve upon their results. More recently, excess heat 
has also been observed during electrolysis of light water with 
K^COj electrolyte, a Ni cathode, and a Pt anode. The purpose 
of this study is to evaluate these literature reports to determine 
the source of The reported excess heat.* 
The excess heal rate in an open cell is given by eq 1 



% excess heat rate = \00(q nm3t — 4ccfl)^an 



CD 



where <7 mt „ is ihc heat rale measured in a calorimeter. The 
value of 4e*u. assuming 100% faradaic efficiency, is calculated 
by cq 2 



(2) 



where / is the cell current. £^ u is *ht total voltage across the 
cell, and Es is 'he thcrmnncuiral potential, En is given by eq 3 



(3) 



where AH { is the enthalpy change for formation of water and F 
is the Faraday constant. Calculations using 6Ji ( values from 
ref 2 give £ h = 1.48 V for light water and 1.53 V for heavy 

water. The assumption of 100% faradaic efficiency, required 
for eq 2 to be valid, mean i that ihc electrical current is consumed 
by (he reaction 2HjO — 2H> + O2 and by no other reaction. 

To date, no compelling evidence has been presented for any 
clear explanation of the origin of the excess heat observed. The 
excess heat could come from unsuspected chemical reactions, 
mechanical or electrical work, experimental error, nuclear fusion, 
or new chemistry. This paper will present the results of 
experiments showing that reactions of hydrogen and nrygen m 
the electrodes probably account for many previous observations 
of excess heat. Other reports of excess heat are shown to result 
from sysie malic catorimetric error. Thus, no new physics or 

* Corresponding author: Dr. Lee D. Hansel. Chemisi/y. BVU, Provo. 
Utah 8J602. Phone 801-378-20-10. FAX 80 1 -378-5474. . 

•'Abstract published in Advance ACS Abstracts. April I. 1V95. 



chemistry is warranted to explain calorimetric measurement* 
on such celts. 

Information ut the papers reviewed for this study is insuf- 
ficient to determine whether the reports of excess heat ean 
definitely be attributed to the reactions associated with eq 4 



2H 2 + 0 2 — 2H 3 0 



but neither do any of the papets give compelling evidence that 
it cannot be. For example, some papers do not include the cell . 
voltage and/or current, and therefore the total input power cannot 
be calculated. An excess heat rate greater than the total input 
power, i.e., lE^di* cannot be attributed to a faradaic efficiency 
<100%. Mills et al. 3 make the only clear claim to such an 
excess heat rate, but I heir use of pulsed power and uncertainly 
about calorimetric accuracy complicates interpretation of their 
work. Neither can faradaic efficiency explain excess heat 
generated in a closed cell with the recornbiner inside the 
calorimeter. Bush el a I. 4 * make claim to observing excess heat 
this way, but the description of their calorimeter, although 
recently published, remains incomplete. Most of the papers 
reviewed have addressed ihe issue of faradaic efficiency, and 
all assumed 100% for various reasons, but without compelling 
experimental evidence. To provide compelling evidence against 
reactions of H: and Oj as the source of excess heat, the faradaic 
efficiency must be measured simultaneously with excess heat. 

In considering the possible reactions of H 7 and O*. Srinivasan 
ct al. 5 suggest "...if the applied voltage is more than 2.96 V 
(as in must of our experiments) in order to generate apparent 
excess power of say 50% the recombination fraction has to be 
more than 50%. Thus excess heat margins of 50% or more 
measured in sonic of our experiments, particularly in (he low 
input power range, cannot be explained away on the basis of 
recombination effects." This argument is based on the assump- 
tion that the faradaic efficiency cannot be Jess than 50% under 
any condition 3nd ignores problems inherent in cq 1 when e? C£ll 
\i near E h . Noninski 6 argues thai nickdl is a poor catalyst for 
recombination, but in fact, nickel, platinum, and palladium are 
among the best catalysts for the combination of hydrogen and 
oxygen. 1 Srinivasan ci al.. 3 Mills et al., 3 Noninsfci. 6 and Miles 
et al* all measured the faradotc efficiency of cells similar ro 
those used in iheir heat measurements, but none measured heal 
and gas production r3tcs simulianeously. Tlicir evidence against 
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reaction 4 occurring is thus not compelling. After arguing thai 
recombination could not be the source of excess heat in his 
experiments. Noninski* says 'The problem of recombination is 
a crucial one .... and it deserves special attention in any further 
experiments." In an attempt to increase the production of excess 
heat. MaJlove 9 assembled a list of "Protocol* for Conducting 
Light Water Excess Rnergy Experiments." Many or these 
protocols enhance the rale of reactions of Hi and O2 at ihc 
electrodes. 

Experimental error also cannot be ruled out as the source of 
apparent excess heat because most papers do not give enough 
experimental detail to fully assess the methods used. Most 
continue to use "freshman-lever ,n home-built calorimeters with 
oil their inherent uncertainties rather than switch to proven, 
commercially available designs. It is often impossible for the 
reader to detect an error from simply reading a paper even when 
the author tries very hard to give explicit details. Experimenters 
have frequently failed to follow normal protocols for accurate 
calorimetric measurements. 11 For example, Notoya's demon- 
stration at the Third International Conference on Cold Fusion 
in Nagoya. Japan, in 1992 showed a NiHighr water cell running 
approximately 10 *C warmer than a resistor-healed control cell 
with supposedly the same input of ihenna! powet [i.e.. power 
equaled iE iwBAU x in the control cell and /(£^n - £ h ) in the 
electrolysis cell with - £< M - £ s ]- By measurement of 
the voltage drop in a portion of exposed heater lead wire, it 
was discovered that a resistance of 2.0 Q in the heater leads 
accounted for 36% of the total resistance in the control cell 
heaier circuit. In contrast power loss was negligible in ihc leads 
to the electrolysis cell. Thu5 f 16% of the total power going to 
the control cell was being dissipated from the leads into the 
air. and not into the control cell, making it appear cooler than 
the electrolysis cell. The temperature difference in this dem- 
onstration did not clearly indicate excess heat but rather 
/ experimental error. A reader of the resulting publication 12 could . 
/ not detect this problem, however, because the healer leads were 
\ not described. None of the publications by Mills et al., 3 Bush 
\^ et al./ or Miles et al. a contain details on the design and 
construction of their calibration heaters. Electrical calibration 
of calorimeters is notoriously difficult, particularly at high 
power." . 

We wiJJ pot attempt to prove that all observations of excess 
heat are due to either a reduced faradaic efficiency or experi- 
ments! error. Evaluating all reports of excess heat in sufficient 
detail would, in tact, be impossible because critical information 
is missing from the published reports. Furthermore, the burden 
of providing adequate evidence that the reactions of Hj and O2. 
or calorimetric errors, are not the source of reported excess heat 
rests on the experimenters. The results reported in this paper 
support the hypothecs dial reaction 4 can explain most available 
reports to date of excess heal in hoih Pd/UOD(D:0)/Pi end 
Ni/K?C03(aq)/Pt cells when running at low current densities. 
Compelling evidence against a null hypothesis must be pre- 
sented before considering ne* theories thai propose other origins 
for excess heat. We also noie that none of the claims that excess 
heat is of nuclear origin have been confirmed by unequivocal 
detection of equivalent amounts of nuclear byproducts formed 
during excess heat production. '* 

Experimental Section 

The llrsi two experiments used ihc cell .md circuit shown in 
Figure I. Thin cell uses the same materials and current density 
typical of light water cells where excess heat has been reported. 
In experiment I. ihc cell had no glass iubc.< (K) surrounding 
the electrodes, and the mixed gas was vented m a single lube 
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rather than through tubes A and F as shown. Experiment 2 
was designed to hinder reactions of hydrogen and oxygen as 
much as possible. To accomplish this, a glass tube closed at 
the bouom and open at the top was placed around the Pt anode. 
The top was open to the • electrolyte to allow electrical 
conductivity but minimal transport of dissolved gases. A second 
tube open at the bottom enclosed the nickel cathode 10 conduct 
evolved oxygen gas to vent-lube F. These tubes, constructed 
from ordinary borosilicate glass, serve as a barrier to inhibit 
migration of evolved gases between the electrodes. The tubes 
around the electrodes were vented through .separate tubes. A 
and F. so the gases couid not mix before leaving the calorimeter. 
Since the increased electrolytic path length resulted in increased 
cejl resistance, die voltage was adjusted to keep the current 
density, and therefore the expected exce&s heat rale, constant 
during the experiment 

Figure 2 shows the cell configuration for cv peri men is 3 and 
4. The cell circuiny was ihe same as that used lor experiments 
I and 2. The glass frit al the bottom of the cell was used 10 
bubble dry oxygen or nitrogen Uirough the cell at a constant 
flow rate. This rate was controlled by a two-stage pressure 
regulator and a fixed length of glass capillary tubing as a flow 
restrictor in experiment 3. 60 cm of 30 fim td.: in experiment 
4. 12 cm of 15 fim i.d. 

The cathodes fur experiments 1 were flat, I cm 2 pieces 
of sintered Ni. and for experiment 4. a 4 cm 2 piece of sintered 
Ni was curled in 3 semicircle around the Pt a nude. The sintered 
Ni used in these experiments was I mm thick. Sintered Ni is 
made by hot pressing a mat of Ni wire or ponder. It is 
commonly used for filtration of gases and liquids and has a 
very high surface arco compared with Ni foil. 

[n experiments 1—3. the nickel was stored in an airtight 
container and handled with plastic gloves to avoid enni ami nation 
of the electrode surfaces. In experiment 4. the electrodes were 
cleaned with a soluuon of 0.1 M HQ in methanol and Lhen 
rinsed in distilled water. 

Two further experiments (beyond 1 -4) were done using the 
cell in Figure 2. In experiment 5, the electrolyte was replaced 
with 0.6 M Na 2 COj. in experiment 6, the Ni electrode was 
replaced with a I cm 2 piece of Pd foil, and the electrolyte. was 
replaced with 0.3 M LiOD in heavy water. 

Data were collected on 4 nccx-conlinuous basis over a 6 month 
period during the performance of these six experiments. 

In experiments 3 and 4 with gas flowing through the 
clcctrulysis cell, the base line was established both by (a) 
measuring the calorimeter output signal as n function of gas 
flow rate with no electrolysis occurring and (b) calculating the 
expected heat rate at different gas flow rates with cq 5. 

^g M »v^ - l<' {J J(v3por pressure of H 2 0)//?rjA/7„ ip (5) 

hi eq 5. q Ui flo„ is the heat rate resuiung from gas flowing at 
the volumetric rate #y.„ A* is the gas constant. 7" is the Kelvin 
temperature, and £//, ap is the enthalpy change for vaporization 
of water. The vapor pressure over 0.6 M K3CO1 was assumed 
to be the same a* the vapor pressure over pure water. Vapor 
pressure data w crc taken from ref 15 and A//".,, from rcf 2. 
The base lines calculated with cq 5 agreed with measured base 
lines 10 within ±100 /«W. as shown in Figure 3. The measured 
bass line was the same for flowing cither nitrogen or oxygen. 

Apparatus 

The cells were powered by a Tcnmar Model 72-420 dc pgwer 
supply operated in constant vologe mode. The cell voltage. 
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Fifiure 1. Cell used for experiment? 1 uml 2. (A) Tube for evolved oxygen. (B) no. 24 Pt wire. (C) 10 wire-wound potemiomcier adjusted 10 
either 2 kft (experiments 1—3) or 5 kQ (erpeomcnt -*) and calibrated for voltage measurements io- determine cun-enr. (D) cell voltaic. (E) leads 
to power supply— no. 32 Cu wice, (F) tube for evolved ftydrogen. (C) no. 22 Ni wire. (H) 0.6 M KrCOj level, (J) glass vial. (J) 1 cm * 1 cm 
sintered Ni. and (K) glass tube*. Tubes A and F and wires £ extend out of the boundaries of the calorimeter. 



calorimeter output, and voltage across the calibrated resistor 
(Figure I) were recorded with a strip chart recorder and Keithley 
Model 195 digital multimeter for experiments 1 and 2. For the 
rest of the experiments, data were recorded at 60 s intervals 
using the digital multimeter and a computerized data acquisition 
system. 

A Hart Scientific Mode' 4225. isoihermai, differential, heat 
conduction calorimeter was used to make the heat rate measure- 
ments. It was operared it 25.0 °C for experiments I and 2 and 
at 30.4 °C for the remainder of the experiments. Both sides of 
the calorimeter were calibrated electrically wjih the healers in 
each calorimerer Cell. The calorimeter cells consist of nickel- 
plated aluminum blocks with a cylindrical cavity 32 mm in 
diameter and 75 mm deep. The calibration heaters arc I \S2 
wire- wound. low -tempeiaiurc -coefficient resistors cemented into 
holes drilled in the corners of the blocks Separate pairs of 
matched leads arc used io measure current and voltage and 
deliver power to the heater. Further details of heater construc- 
tion nnd calibration test data are available from the manufacturer. 
Hart Scientific. Ihc calorimeter cell and cover completely 
surround the electrolysis cell, so the distribution of heal 
generated by the electrolysis cell closely duplicates heal 
generated by the calibration heater, ana thus systematic errors 
in heat rate roeo;urcment are negligible. The base line of this 
calorimeter is reproducible to <0.5 /«W. The absolute- accuracy 
in the configuration used for these experiments with several 
wires and tubes connected through the cell lid is probably better 
than 10 /*W when no tps is flowing through the electrolysis 
cell. When gas is flowing through the cell from an external 



source, fluctuations in gas flow rate cause a 100/AV uncertainty 
in the base line (sec Figure 3). In the experiments described ' 
here, the calorirjjeuic time constant is determined by the time 
constant for heat flow from the sample to the detectors. This 
time constant was experimentally established to be between 5 
and 10 min and therefore was short compared to the time period 
of data gathering. 

Results 

Tabic 1 shows the results for experiments la and lb with 
the cell operating at 0.96 and 1 .66 mA. respectively. The excess 
heat rale (<j\« = q^ - q^) increased 153 /<W with the increase 
in current, but the input power {q C9li ) increased 377 /tW. 

Figure 4 and Table 1 show ihc results obtained in experiment 
2 with the cell shown in Figure 1: first, with the glass tubes in 
place (Table 1, cxpt 2a). then with the tubes off (Table I, expt 
2b). and again with the tubes on (Table 1. expt 2c). When the 
tube* were oft. the input power was lower, but the heat fate 
measured by the calorimeter was higher. The increase in heat 
rate, along with the decrease in input power, gave up to I \ 4% 
excess heat while the lubes were off. While the lubes were on. 
the excess beat was only ±H%. which is consistent with no 
measurable excess heat at die accuracy of this experiment. 

In experiment 3a. nitrogen was bubbled ihrough the cell at 
1.7 mi. min* 1 for several hours while measurements were made. 
Then the gas was changed to oxygen. The results with nitrogen 
(experiment 3a) and with oxygen flowing at 1.2 mL min -i 
(experiment 3b) are given in Tabic 1. When nitrogen w*$ 
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cxpt no. 




I (mA) 




fjAV) - f/(£cdi - f >)) 




% excess 


glass tubes or gas 


cathode size (cm 2 ) 


In 


7*3 


0.96 


1.83 


336 


407 


1*1 


none 


1 


lb 


1,274 


1.66 


1-91 


713 




7Jt 
/o 




1 
\ 


2a 


732 


1.02 


2.09 


o22 


i in 


1R 


plate tubes 


1 


2b 


B03 


1.04 


1.86 


395 


arv7 


103 


none 


1 


2c 


656 


1 .01 


2.18 


7U/ 


_< i 
ji 


no he 


glass tubes 


1 
1 


3a 


27g 


1.04 


1.84 


J7A 




none 




3b 


1,609 


1 08 


(.61 


140 


1.468 


tuny 




1 

1 


4b 


3.861 


4.17 


2.04 


2.335 


1,526 


65 


none 


,1 
*♦ 


4b 


10.756 


8.08 


2.61 


9.130 


1.W0 


1 s 


none 


4 


4c 


6.588 


5.73 


2.62 


6.532 


55.S 


I 


Nt 


4 


46 


7.415 


5.68 


2.72 


7.043 


372 


5 




4 


6a 


2,395 


1.65 


2.7Q 


1.93! 


.464 


24 


none 


1 


6b 


2.07 1 


1.60 


281 


2.048 


23 


1 




1 


. 6c 


2.651 


1.60 


2.81 


2.04R 


603 


29 


none 


1 




Figure 2. Cell used in experiments 3 and 4- (A) no 24 Pi wife. (B) 
plastic cap. (C) text lube, (D) fine glass frit. {£) lube for exiling 
gases, (F) tube /or incoming gases— attached to 30 (of 15)pm i.d. gbss 
tubing and gas system, (C) no. 22 Ni wire. (H) 0.6 M KjCO, level. (I) 
I cm x I em sintered Ni. Wires A and G are aUaclied 10 no. 32 Cu 
wire leads and Ute circuit shown in Figure I. Wires A and C and tube* 
E and F extend beyond the boundaries of Ute calorimeter. 

flowing through the cell, the calculated Heat rats was within 
the uncertainty of the meaMircd heal rale under these condition^ 
i.e., ±100 ^/W. Thus no excess heat was found. The results 
obtained wjih Oj flowing are shown graphically in Figure 5. 
Initially (at lime = 15 min in Figure 5) the oxygen flow rate 
was staxtcd at 2.0 mL min"'. At thie flow rate, the cell voltage 
dropped below 1.48 V. resulting in a negative <7« n . w sho^a io 
/.Figure 5, at 15 </< 30 nufi. At 30 min the 0 2 flow rate was 
/'decf^ase^ .i^ 31 ICQ min it w »s increased to ; 

' ';2 - 2! mL f min ~ £ for »' si ion 1 ime . Again the .cell votfa g t dropped 
below I 'M V/ When the How rate was again decreased to 1.2 
mL mio Tl (at / = 130 to 1 100 min. Figure 5) and lei t constant, 
the cell voltage fluctuated between 1.-2 and 1.84 V. The 
calorimeter output does not show these fluctuations because the 
calorimeter time constant is too long. The calculated excess 
heat rMe ranged up to 750% when O2 was flowing through the 
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Figure 3. Measured and calculated (sec cq I) base Hnej whjj dry N 2 
or Oj gas flowing ihroup h the, celL 
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Figure 4. Results of experiment 2. 

cell. When the cell voluge equals 1.48 V, note thai eq 1 prediccs 
dbinfmite excess heal rate if <y TlW . is not exactly zero. 

Experiment 4 was done to determine the effect of electrode 
surface area by replacing ihc 1cm 2 Ni electrode with a d cm 2 
Ni electrode cut from the same piece of sintered Ni. Table 1 
shows an excess heal rate of 1526 and 1626 j/W (65 and 18%). 
d ; ir?r*P^Vciy. for experiments 4a end 4b with no gases flowing. 
I /,TP is rpsSk can be compared with that of experiment 2b at the 
same curteni density, which showed an excess heat rate of 407 
ptW (103%) (sec Table 1). Thus, the absolute excess heat rare 
observed increased by neaxly a factor of. 4. Comparing 
experiments 4a and <3b shows that the absolute excess heat rate 
increased slightly, if at all (i.e.. by 100 ± 100 /<W). when the 
current wa$ doubled and the input power was increased by 6795 



IT 



-- OCT 13 '95 li:i7ftM LIND j^ H AUL LIERftRY 



Accounting for Excess Heat in "Cold Fusion" Cells 




700 



4 00 (00 BOO 

Time (minutes) 



1000 



woo 



Figure 5. Results of experiment 3 with oxygen flowing. The calculated 
heat race is equal to f{£*m — 1.18 V). 
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Figure 6. Results of experiment 6 using Pti foil in 0.3 M LiOD. 
,t/W. The excess heat rate dropped below 400 /<W when the 
cell was purged with nitrogen to reduce the- concentrations of 
dissolved Hi and 0 2 . (See Tabic 1, expts 4c,d.) 

wiih Na a COi as the electrolyte in the cell, only a small 
amount of excess heat was observed. A small drop of liquid 
detergent was then added to the electrolyte, after which the 
observed excess heat rare increased to the same range as thai 
observed in cells using K 2 CO^ as the electrolyte. Because the 
measured heat rate showed Urge fluctuations, no numerical data 
are given in Table I. 

In experiment 6, the Ni electrode was replaced with Pd foil 
and the electrolyte was replaced with 0.3 M LiOD in D 2 0. The 
observed excess heat was about 500 >/W (25%) at 0.8 roA/cm 2 
(sec Table I). The excess heat was readily eliminated by 
flowing N> gas through the cell (sec Figure 6). This experiment 
was performed with a variety of sizes of Pd foil and wire. 
Higher percentages of excess heat were obtained at lower current 
densities while at higher current densities, excess heat was 
completely eliminated, 

Notobly, these results ajc expressed in quantities due to 
the limited size of the cells chat can be accommodated in the 
calorimeter. Jt is important to realize that current density is 
the same magnitude as in the reviewed literature (eiccpt refs 
1. 8. 16. and 17), as is also the percent excess heat. 

Discussion 

Excess hear was observed wiih ill the cells tested in this 
siudy. but the resuhs cleurly show it was due solely io reaction 
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of H 2 (or and 0 2 to produce H2O (or DzO) in the cell. During 
electrolysis, the solution around the cathode becomes saturated 
with hydrogen while the solution' around the anode becomes 
saturated wjOi oxygen. In cells without separators, dissolved 
oxygen is free to migrate to the, cathode and hydrogen can 
.. migrattf tb ihc ancfde: 7 If hydrogen is oxidifcecl ; at toe aiipde and 
■ oxygen is reduced at the cathode or if hydrogen ajid oxygen 
simultaneously come in contact with a catalytic surface, reaction 
4 takes place and the famdnic efficiency is < 1 00%. Experiment 
2 demonstrates that by restricting the migration of gases between 
electrode surfaces (he production of excess heat can be ef- 
fectively quenched. 
The heat rate from reaction 4 can be obtained from eq 6 



(6) 



where is the fraction of evolved gas reacted. The value of 
f tu depends on several factors* including ihc cathnde and anode 
materials, geometry of ihc cell, current density, and mixing in 
the cell. Assuming that 50% of the evolved gas reacts in a 
typical light water cell (/ = 1 mA. £«„ = 1,8 V). C qs I and 3 
predict a measured heat rate 2.3 times the expected heat rate. 
This is consistent with results reported by Srinivas^ et al..> 
Bush, 1 Mills et al., 5 and Noninski. 6 Oriani has reported - faradaic 
efficiencies of 50 to 78% from measured gas flow rates of Ni/ 
K 2 COj in light warer/Pt cells. 15 

One of the most common configurations of light water cells 
reporting large excess heat rates has a Pi anode wound in a 
spiral around a Ni cathode, a configuration that probably reduces 
the resistance of the cell, lowers for a given current, and 
Increases the chance of reaction of Hj and 0 2 Both the reduced 
cell voltage and increased rales of H3 and 0 2 reactions would 
increase the excess heat calculated by eq 1. Experiment 3 
showed that faradaic efficiency could be reduced to less than 
5% by bubbling oxygen through the cell The flowing gas 
thoroughly mixes the cell contents and brings oxygen to the 
surface of the nickel catnodc. This experiment shows that some 
cell configurations would substantially increase the reaction rate 
of the evolved gases. The rate of reaction 4 and hence die 
excess heat rate should scale with electrode surface area ac any 
fixed steady-sutc concentration of dissolved H ; and Oj gases. 
Experiment 4 demonstrated that it does scale as predicted. 

If the rate of reaction 4 increases and cell resistance decreases 
with temperature as expected from kinetic theory, the numerator 
of eq I will increase and the denominator will decrease with 
increasing temperature, thus causing the calculated percent 
excess heat to increase substantially wiih temperature. This may 
answer ihc question posed by Fieischmann and Pons' 9 in 
connection with Pd/D 2 0 cells: "How can it be that the 
temperature of (he cell contents increases whereas the enthalpy 
input decreases with time?" Wc expect precisely this relation- 
ship if reported excess heal in these cells is due to reaction d. 

An optimum in current tlensily versus percent excess heat 
was observed hy Mills el Bnd Noninski. 6 This optimum 
accounts for the observation m experiments 1 and 4 thar the 
excess heat rate does not scale linearly with current. Once the 
electrolyte is sanitated wnh hydrogen and oxygen, ihe observed 
excels heat rare from ihcir reactions should remain ap- 
proximately consnnr. Again, the location of the maximum will 
depend on details of cell configuration Also. ryp;cai of all our 
runs, the hiyhcr the current density (beyond a certain point), 
the lower the calculated percent excess heal, suggesting that 
purging of the solution near ihc electrode surface by evolved 
H : is effective in reducing ;he degree ro which O; con penetrate 
to the efectrodc surface. This Study rlid nor experimentally 
cxanune the question of the excess heat >ourcc in cel.** opcraied 
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at high current density, e.g., Fleischrnann ct al. 1 Accurate 
examination of such cells will require a different experimental 
design than used here. However* we note the lack of compelling 
evidence for the assumption of I00<fc faradaic efficiency or for 
the accuracy of calorimetric measurements on cells operated at 
high current density (e.g.* refs 1, 8. 16. and H). 

Excess heat has been observed in Ni/Na 2 COj(aq)/Pl cells by 
some workers,*- 5 bot others have used such cells as a control. 3 - 6 
In agreement with a recent report' 0 showing that different 
. electrolytes produce differing bubble sizes in aqueous solution, 
our experiments show ihat the difference between NajCOj and ' 
K2CO3 as electrolytes probably is due to differences in interticial 
prope nies of the solutions at the electrodes. The Hj bubbles 
were smaller when K2CO3 was the electrolyte than when Na r 
CO3 was the electrolyte in the same cell. Smaller bubbles allow 
better mobility of gases in the electrolyte and contact between 
the electrolyte and the electrode surface, thus allowing more 
frequent reaction of dissolved gases. When detergent was added 
to the NaiCO? electrolyte, the bubbles became much smaller, 
did not adhere to the electrode, and resulted in about the same 
rate of apparent excess heat os was observed with the KjCOj 
electrolyte. 

Of all the results reviewed, only Mills et al. 3 claim q u is 
greater than the input power. Mills' use of several different, 
low-resistance calibration benlcn; arid the paucity of experi- 
mental detail fails to rule out calorimetrie error, e.g.. loss or 
generation nf heal in the heater lead wires, as an explanation of 
these results. 

Ni. Pt. and Pd are effective catalysts for reaction 4. One 
measure of catalytic efficacy for this reaction is the exchange 
current density (7a). The value of rj 0 depends on solution 
composition, temperature, and electrode geometry and surface 
area as well as electrode material.'' Ni. Pt. and Pd have much 
higher i7<, values than the other metals in their periods when 
compared under similar conditions. 

Another consequence of the high values of Ni. Pi. and Pd 
is a minimal overvohagc required to drive electrolysis: die 
higher the r? 0 . the lower the over voltage. The over voltage is 
equal to E u \\ — 1.23 V. where 1.23 V is ihe reversible cell 
potential for light water. If the overvoltag.c decreases. Eciii will 
approach, and may go below, the thermoncutral potential of 
1.48 V. as shown in experiment 4. The excess heat rale given 
by cq 1 approaches ^infinity or becomes undefined as £« u 
approaches 1.48 V, In such canes, very small absolute errors 
in calorirnetry will result in large values of apparent percent 
excess heat as calculated by eq I. Thus, some of the 
extraordinary claims made by Mills ct hI. 3 and others may be 
due to the effects of small measurement errors or noise in a 
cell operating near M8 V. If (y mctt does not equal zero when 
£ccu = MS. V. goes 10 -Jiinfinity. For examples of this 
condition, see experiments 2 and 3 in rcf 3 and Figure 5 in ihis 
study. Because time constants of heat conduclion calorimeters 
ore lypically quite long, oscillating signals such as those seen 
in Figure 5 are not present in the calorimetric iignaj. This 
mis marc) » in time constants C3n result in an incorrect calculation 
. ■ !■. 'of: 'apparent, excess heat. A lso.J; because, heat, losses from ' 
j •-!|,; ; •! 'clecujt^ are. an ; cyer ;oresear. .problem .ijjj; 

: : i ■ ":i 1 c a lonaietir^jDofsi u vc's y ^temat ic en or s a;e .mud h : mo: e; I i ke 'Fa 5 
/'c'aJorimetfic^^mcasui'emchts than negative errors, thus giving,, 
positive, but incorrect/excess heat values. Failcr^to account* 
for even a 5 mall a mount: of exothermic hem from reaction .4 io,« 
. niccll operating near V can cause an apparent very large 
excess heat rate. "Ill us. reports of very large, eroihcrmic eicess 
heat rates on cells wuh low overvoliugc are prohably *n 3rtjf3d 



arising from a combination of small experimental errors and 
the way excess heat rate is defined. 

Conclusions 

This study was designed to determine the sources of excess 
heat in electrolysis cells operated al low current densities. 
Pitfalls that can occur with electrical leads, with blockage of 
electrode surfaces by bubbles, and. more importantly, with 
decreased faradaic efficiency art: demonstrated. Less than 100% 
faradaic .efficiency was shown to occur in both Ni/light water 
cells with alkali metal carbonate electrolyte and in a PcVUOD 
cell using heavy water. Excess heat was seen in all of these 
cells unless they were configured or operated in such a way so 
as to avoid contact between dissolved hydrogen and oxygen 
and the electrode surfaces. 

If compelling evidence for sources of excess heat other than 
reaction of H; (or Dj) and 0 2 is to be obtained, faradaic 
efficiency must be accurately determined and calorimetric 
accuracy must be demonstrated while the cell is producing 
excess heaL In the absence of confirmatory nuclear products, 
calorimetric; measurements must be beyond reproach. Better 
calorimetric methods than typically used for "cold fusion" 
studies are in common usage and compatible instrumentation 
is commercially available. Until such studies have been 
carefully done, there is no compelling reaso.n for not adopting 
the hypothesis that calorimetric errors or failure to account for 
reactions of hydrogen and oxygen during electrolysis of water 
accounr for all reports of excess heat to date. Compared with 
other hypotheses, 1 * this is much simpler and requires no changes 
in well-established scientific- principles. Thus, Occam" 3 tator 
places ihe burden of proof on those postulating "new science". 
Such proof requires adequate experimentation to establish that 
a reduced faradaic efficiency or calorimetric enors cannot 
explain die excess heat effect. 
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ABSTRACT 

With the aim of realizing the potassium-proton 
cold fusion, the electrolysis of light water solution 
of potassium carbonate was carried out by means of 
porous nickel cathode. The cell was cooled by a con 
stant rate air stream and maintained at 20°C during 
alL the electrolysis. Typical results indicated that 
the excess heat production rate was proportional to 
the input power in the range of measurements ( up to 2W) 
and the excess heat observed was 3 to 4 times greater 
than the input power, after corrected for the thermo- 
neutral potential. 

After the electrolysis, the calcium ion concen- 
tration in the electrolytes was measured by flame 
pho tospectrome try and the increases of calcium concen- 
tration in the electrolytes due to the electrolysis 
were found to be 3,2 to 4.4 ppm . These amounts are 
comparable to the amounts of the excess heat cal.curat- 
ed within the same order of magunitued. 

1 . Introduction 

It was a shocking news that nuclear reactions of 
deuterium occurred on paradium cathode at room temper- 
ature . The study of "cold fusion" has burst into 
flame throughout the world. Moreover, the novel type 
of the cold fusion in light wateij was suggested by 
Mills et al 2 , last year. The majority of scientists 
still are doubtful about them, because of little 
reproducibility and consistence among the amounts of 
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1 • Introduction 

It was a shocking news that nuclear reactions of 
deuterium occurred on paradium cathode at. room temper- 
ature 1 . The study of "cold fusion" has burst into 
flame throughout the world. Moreover, the novel type 
of the cold fusion in light water was suggested by 
Mills et al , last year. The majority of scientists 
still are doubtful about them, because of little 
reproducibility and consistence among the amounts of 



tbei oroducts, heat emission and r Nation. However, 
thes systems are essentially the i t popular ones 
for hydrogen evolution reaction. Matsuda's group had 
shown in their works'' that several active metals for 
hydrogen evolution reaction, for example, nickel, 
formed considerable amounts of the alkali metallic 
intermediates during electrolysis of alkaline solu- 
tions. On the basis of them 3 , the nuclear reaction of 
potassium was sufficiently likely and therefore war- 
ranting further investigation. The aim of this work 
was to obtain the unequivocal evidence of this nuclear 
reaction . 



2 . Experimentals 

An electrolytic cell made of Pyrex glass was used 
for the experiment and equipped with 3 electrodes, 
these being, a 1 x 0.5 x 0.1 cm sintered nickel test- 
electrode, platinum counter and platinum reference 
electrodes. A 20 milli-liter light water's solution 
of potassium carbonate with a concentration of 0.5 mol 
per liter was used as the electrolyte, and stirred by 
bubbling hydrogen gas, with gas stream rate of 1.5 
ml/min during the electrolysis. The nickel electrode 
was cathodically polarized by a stationary constant 
current from 0.01 to 0.70 ampere and the temperature 
of the electrolyte was measured. A standard nichrome 
heating wire with a resistance of 15 ohm was put in 
the cell for comparison. The electrolysis was carried 
out using the twin celles simultaneously, in order to 
confirm that the heat discharged was only by electrol- 
ysis. The twin cells were placed a thermostat chamber 
of the temperature held at 20.00 ±0.01°C during the 
electrolysis by air convection. 



3 . Resul ts and Discussion 



Figure 1 shows the typical relationship between 
the input power, W- t , given by electrolysis and the 
increase of electrolyte temperature, T. The input 
power, ^input * s £iven by the following equation: 

"input = T < E " 1 - 482 V >' (1 > 

where I and E denote the current and the potential 
difference between the test electrode and the counter 
eJectrode. The 1.482 V value is due to the enthalpy 
change for H 2 0 -*\\ 2 + (l/2)0 2 • Figure 1 shows the 
electrolyte temperature increase for the standard 
resister(2) and that for electrolysis. It was found 
that the electrolyte temperature increased up to 
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54.2°C from the initial temperature of 20°C with the 
input power of 2.70 joule/sec and this temperature rise 
was proportional to the input power W input , within the 
input power range of 0 to 2.7 joule/sec. The figure 
shows a linear relationship between the temperature 
increase and the input power W i Q put with a corelation 
coefficient of more than 0.999 for both lines. The 
line gradient for the cell is remarkably greater than 
that for the standard resister. 




Figure 1. a. Relationship between temperature 
increase of electrolyte and input power w i npu t- 
in the cell-(l) and as compared with the stancfard 
res i s ter- ( 2 ) . 



TK ,ii f ference in the value of in i power W* nput 
between two lines at a given temperature, shown in 
this figure, can be defined as the excess heat. 
Figure 2 shows the relationship between the excess 
heat Aw ou tput and the in P ut power W in ^ observed in 
the cell. The excess heats determinea From ten time- 
repeated experiments were found to be from 2«7 to 3.4 
times more than w i n p U f 




Figure 2, Amount of excess heat ^W Qut t evolved 
during the electrolysis with input power w i npu t 
in 0.5 M K 2 C0 3 . 

The calcium ion concentration in the electrolyte 
was measured by flame pho tospectrome try with an 
accuracy of to. 02 ppm . In the same solution of 0.5 
mol per liter potassium carbonate as the electrolyte, 
calcium ion was not detected, before use. In order 
to determine the background value, the calcium ion 
concentration in the solution of 20ml was poured into 
the electrolytic cell vessel equipped with the three 
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increases ot calcium electrolys is were determined to 
electrolyte due J^. £j «e Sf these data. These 

c eL of l concentration in the electrolytes 

increases 01 amounts of excess heats 

;r.ir" thes^ within th. .rd.r 

of magunitued. 




Figure 3. Intensities of flame photospectra of 
cafcLm with concentrations of calcium ion in the 
electrolytes after electrons is ( . and in electro- 
lvtes out in cell without electrolysis (x) . 
A line shown in this figure is the caribration 
line for the calcium ion concentration. 



Bv J et al* proposed the possibi; jy of nuclear 
reactions between potassium and proton as follows, 



and 



19* + 1 H 20 Ca + 8-33 MeV (2) 



19* + {H ^Ca + 10.3 MeV (3) 



From the present work, it is not clear which of the 2 
reactions, (2) or (3), was predominant in this system. 
A further investigation is being conducted at present 
to verify this. 



4 • List of Symbols 

W. _ llf = Input power, joule/sec 
I = Current, amp 

E = Potential difference, volt 

T = Temperature, °C 

AW Qutput = Excess Heat, joule/sec 
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Substantial Doppler broadening of atomic-hydrogen lines in DC and capacitively 
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The mechanism of extraordinary broadening of the Balmer lines of hydrogen admixed with Ar or 

He as opposed to Xe in a DC glow discharge and a capacitively coupled rf discharge is studied 

over a wide range of pressure and gas compositions. High-resolution optical emission 

spectroscopy is performed parallel to the electrode axis (end-on) and perpendicular to the 

electrode axis (side-on) along with Langmuir probe measurements of plasma density and 

electron temperature for the capacitive discharge case. An excessively broad and symmetric 

(Gaussian) Balmer emission line corresponding to 20-60 eV of hydrogen atom energy is 

observed in Ar/H 2 and He/H 2 plasmas when compared to the majority species atom temperatures. 

Energy is transferred selectively to hydrogen atoms whereas the atoms of admixed He and Ar 

gases remain cold (<0.5 eV). In the field acceleration model that has recently been put forth to 

explain the broadening [Cvetanovic et. al. J. App. Phys., Vol. 97, 033302-1, 2005], there is 

neither a preferred ion nor atom and according to this model, one should observe enhanced 

temperature hydrogen and helium atoms in He/H 2 discharges where the atomic mass is more 

comparable (4:1). The absence of hot H atoms in Xe/H 2 plasmas also challenges the paradigm of 

the field acceleration model since Xe is also a noble gas and electronically similar to He. The 

model of an energetic chemical reaction of hydrogen [Mills et. al IEEE Tram. Plasma ScL, 31, 

p.338, 2003] as the source of broadening can explain the observation that only the selective 

heating of hydrogen atoms in certain plasmas exhibits the selective extraordinary broadening and 

isotropic emission profiles. 



I. INTRODUCTION 

Substantial Doppler broadening of hydrogen Balmer lines has been observed in pure 
hydrogen and specific gaseous mixtures of hydrogen with certain heavier atom plasmas produced 
by DC and capacitively coupled 13.56 MHz radio frequency waves [1-17]. This broadening is 
caused by the presence of excited hydrogen atoms. In all these instances, energy is transferred 
selectively to the hydrogen atom whereas the H 2 molecules as well as the He and Ar atoms 
remain cold. Historically, most mechanisms proposed for excessive H a broadening in pure 
hydrogen and mixtures of hydrogen with inert gases [1-14] are explained in terms of energetic 
ions (H + , Hj and Ht ) that are accelerated in the cathode fall region followed by energy transfer 

to the matrix gas (H and H 2 ) through charge exchange collisions. However, there are variations 
in the proposed theoretical explanations of the mechanisms that provide energy to atomic H and 
cause the observed enhanced blue-shifted H a spectra width that is symmetric with respect to the 
red-shifted portion of the emission profile. It should be noted, however, that none of these 
mechanisms explains the selective transfer of energy to the hydrogen atomic state with the atoms 
of the admixed gases remaining cold (<0.5 eV). 

In a pure hydrogen discharge, the Doppler-broadened profile exhibits the presence of a 
bimodal (or a tri-modal) distribution of neutral species temperatures [14]. The profile consists of 
a central peak that corresponds to slow thermal hydrogen atoms with kinetic energies in the 
range 0.25 to 1 .0 eV. The population of warm H atoms (10-20 eV) is evident in the plateau of the 
Doppler broadened profile along with a population of fast hydrogen atoms (> 40 eV). There is 
general agreement on the mechanisms proposed for the production of slow H (-0.1-1.0 eV) 
atoms in the excited n=3 slate through the process of dissociative excitation, 
H 2 +e~ ->//* +e" -> H*(n-3) + H , and dissociative ionization, 
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H 2 + e~ -> 2cT + H* //*(/7 = 3) + 7/ + , of hydrogen molecules and electron impact excitation 
of H atoms, ff + e" ->e~ + //*(* = 3) [1-2], 

There are significant variations in the literature describing the mechanisms proposed to 
explain the production of hydrogen atoms with energies greater than 20 eV. These were 
originally proposed to be the result of dissociation of H* ions in vibrational^ excited molecular 
ground states [2-3]. Recently, the mechanism of charge exchange between ions accelerated in the 
sheath and neutrals and ion impact on electrodes has been proposed as the source of energetic 
hydrogen atoms in these discharges. In this model, henceforth called the Collisional Model (CM) 
[5 and references therein], sheath accelerated H + and H* ions in a hydrogen plasma are proposed 
to either transfer charge directly to the hydrogen atom or dissociate the H 2 molecule followed by 
charge exchange collisions to explain the energy spectrum of hydrogen atoms [1-15]. The 
processes are governed by the following reactions [5-7] where the * indicates excited n=3 atomic 
state: 

W^jto+H^^H^ (1) 

{lV) fml + (// 2 ),w +{Hl) i!m . (2) 

V„ + h sImv -> h, + //;„ + (h;i 1ow ( 3) 

+(/* 2 ) M +(// 2 + ),w (4) 

Since the particle acceleration due to the electric field is directional, the energy gained by 
a positive ion as it travels towards the cathode will maintain that directionality along with the 
directed energy of the excited hydrogen atom as long as ion-neutral collision rates are small. This 
mechanism can only account for the red portion of the spectrum when viewed optically towards 
the ion accelerating electrode sheath. The observed symmetry in the Gaussian profile of the 
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hydrogen Balmer line is explained in terms of the sputtered fast H atoms and the back-reflected 
fast H atoms from the cathode surface [5]. It is argued that this will give rise to a symmetric 
distribution of energetic H atoms leaving the cathode compared to those accelerating towards the 
cathode. 

In the presence of inert gases, the additional process of charge transfer has been proposed 
to explain the symmetric H a broadening [3,12-13]. The introduction of Ar in a pure H 2 plasma 
increases the Balmer line emission intensity that implies that the concentration of excited 
hydrogen atoms in the excited n=3 state is also increased. In addition, the fractional population 
of hot hydrogen atoms obtained from the area under the Gaussian curve implies a concentration 
in excess of 80 percent of the population in the n=3 state. It has been suggested in the above 
articles that energetic Ar* ions dissociate and ionize H 2 to form ArH + that enhances the 
population of //.* that is proposed as the primary source of atomic hydrogen as shown below 
when Eq. (6) is combined with Eq. (4). 

Ar + +H 2 -*ArH + +H (5) 
ArH* +H 2 -> Hy + Ar (6) 
The role of metastable argon ions in the enhanced production of Ht ions through the 
formation of molecular hydrogen ions has also been emphasized [6]. 

Ar+Qp^p^ + Ht -*Ar + H; (7) 

h; + h; -> h; + // (8) 

It has been suggested in the above articles that the contribution of these pathways to the 
significant production of H* in Ar/H 2 results in an enhanced population of energetic H ras , atoms 
through the processes described in Eqns. (3-4). 
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However, some of the recent observations [17-26] in DC and capacitively coupled rf 
discharges are in contrast to the field acceleration based Collisional Models described earlier. For 
example, it is important to note that, to the best of our search of the scientific literature, no 
experimental observation has ever been reported, including results in this paper where equally 
energetic atoms of admixed gases have been found even when the plasma is collisional and mass 
ratios are comparable. The energy is transferred selectively only to the hydrogen atom whereas 
the electron energy is less than few eV and admixed gas atoms remain cold (<0.5 eV). It is also 
very intriguing that no hot H atoms are observed when the admixed gas is xenon. In the CM, the 
energy of the hot H atom should be independent of the nature of the background gases except for 
differing collision cross-sections with the background gas. Therefore, it is not possible to readily 
explain the presence of broadening in argon/hydrogen and helium/hydrogen plasmas along with 
the absence of broadening in xenon/hydrogen plasmas using this model. In addition, the 
observation of comparably hot hydrogen atoms in regions outside the plasma sheath requires the 
local creation of energetic H atoms. As discussed later, the rapid thermalization of H atoms with 
the background gas due to short ion-neutral collision mean free paths should also confine fast H 
near the region where it is formed. Therefore, only a process where hot H is produced locally can 
explain the comparable energies of hot H observed well outside the plasma sheath regions. 

It should be noted however, that these observations demonstrate that the source of these 
hot H atoms is a process fully consistent with the Mills' model of energy production known as 
Resonance Transfer Model (RTM) [17-26]. The RTM predicts excessive broadening due to a 
novel energetic chemical reaction of H with certain catalysts involving a two-step energy 
transfer. First, resonant energy transfer occurs from H to a catalyst and then a second radiative 
emission or a resonant energy transfer to another H atom that serves as a third body to take away 
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the remaining reaction energy [19-20]. In this model, it is postulated that the electron in the 
hydrogen atom that undergoes a 'catalytic 9 reaction that allows decay from the 'conventional' 
ground state (principal quantum number, «=1) to a 'fractional' quantum state (e.g. n=)/2). Since 
the ionization energy of hydrogen is 13.6 eV, two hydrogen atoms can also provide a net 
enthalpy equal to the potential energy of the hydrogen atom, 27,2 eV— the necessary resonance 
energy, for a third hydrogen atom to form H (n=l/2). 

In order to clarify the underlying mechanism of hydrogen Balmer alpha broadening in 
hydrogen plasmas and plasmas of hydrogen admixed with noble gases and test the validity of 
field acceleration based Collisional Model (CM) [5], a comprehensive experiment that covers a 
wide range of gas pressure and plasma parameters has been performed. A DC glow discharge 
with pin electrodes and a capacitively coupled radio frequency plasma over a wide pressure 
range (three orders of magnitude - 10 mTorr to 10 Torr) along with different gas mixture ratios 
are used to test the ability of the CM to explain the unusual nature of the observed hydrogen 
broadening. As suggested by the CM, the degree of symmetry of the plasma emission profile 
should be a function of the electron-neutral and ion-neutral collision frequency and, therefore, 
should depend on the neutral gas pressure. The CM mandates that observations parallel and 
perpendicular to the electric field lines yield different emission profiles if the collisional 
scattering rate is sufficiently small. The experimental setup allows observations both parallel and 
perpendicular to the electrode axes to test this property. In addition, the presence of hot H atoms 
was examined in regions far away from the high electric field plasma sheath region near the 
electrodes. The CM also implies that the energy of hot H atoms is independent of the nature of 
admixed gases. In contrast, the RTM proposes that the nature of admixed gases will be critical to 
the broadening mechanism that results in the observed hydrogen emission profile. This aspect is 
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tested by mixing different gases with hydrogen and observing broadening in the plasma emission 
profile. In addition to plasma emission spectroscopy, a Langmuir probe is also used to diagnose 
the capacitive discharge plasma. It should be noted here that the experiments were designed and 
parameter regimes were considered primarily to test the field acceleration based Collisional 
Model (CM). In this process, however, the Resonance Transfer Model (RTM) is also tested in 
light of these new observations. 

11. EXPERIMENTAL SYSTEM 

The experimental arrangement of the DC discharge is shown in Figure 1. In this 
configuration, the discharge is created between fine tips of 2% thoriated tungsten electrodes of 
diameter 1/8 inch spaced 2 cm apart inside either a V% inch or 1 inch diameter quartz tube. Very 
fine electrode tips (Fig.l) that are tapered over the last 14 inch to a point are used to minimize the 
surface area perpendicular to the face of the electrodes. The high E-field near the sharp electrode 
tip will reduce rapidly as one moves away from it. High-resolution plasma emission 
spectroscopy is performed through an annulus parallel to the electrode axis along the electric 
field lines (end-on) and perpendicular to the field lines (side-on). For the end-on observation, 
plasma emission can be sampled looking towards the anode or cathode. For the side-on 
observation, an axial scan of the plasma emission is observed in a region adjacent to the cathode 
rod. Here the cathode tip is located at z=0 cm. The DC plasma setup is placed on an X-Y motion 
table so that an accurate axial measurement can be carried out without changing the position of 
the fiber optic bundle. The discharge pressure is maintained in the range of 10 mTorr to 10 Torr. 
A stabilized negative DC power supply (Kaiser System Inc., Beverly, MA) with voltage and 
current in the range 0-2000 V and 0-500 mA, respectively, is used to create the plasma. A high 
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wattage ballast resistor of 20 kQ is used in series with the power supply to limit the discharge 
current. Once the discharge is created, the glow discharge is maintained with cathode-anode 
voltages of 300-400 volts and results in discharge currents in the range of 10-100 mA depending 
upon the gas pressure, gas flow and discharge configuration. 

The capacitively driven radio frequency plasma system consists of a large cylindrical (14 
cm ID x 36 cm length) quartz plasma chamber with two electrodes (stainless steel plates of 
diameter 8.25 cm) placed 1 cm apart at the center (Figure 2). Radio frequency power (13.56 
MHz, RF Power Products Inc. NJ, Model RF 5, 500 Watts) is coupled to the electrode using a 
commercially available impedance matching network (RF Vll Inc., Glassboro, NJ). Radio 
frequency power from the source is fed through the impedance matchbox to the capacitive 
electrodes using a 1/2-inch diameter steel tube that also facilitates the end-on (parallel to the 
electric field) observation of plasma through holes in the center of the electrodes. One of the 
electrodes is permanently grounded. A common ground is maintained for the grounded electrode, 
rf shield and vacuum system. Two ports in the center of the plasma chamber (Position 2) permit 
side-on observations of plasma emission 90° and 45° to the electric field. Another side port at the 
same position allows insertion of a Langmuir probe for plasma density and electron temperature 
measurements. Plasma emission far away (15 cm) from the high-field plasma sheath region is 
sampled at Positions 1 and 2. In order to ensure that the plasma emission sampled at positions 1 
and 2 have no contribution from the reflected light, the inside of the rf shield enclosure is made 
non-reflecting. 

A helium leak detector (QualyTest, Model: HLT 260, Pfeiffer Vacuum) is utilized to leak 
test the evacuated plasma chamber. The plasma chamber is maintained with a leak rate below 10* 
7 Torr-L/s. Independent mass flow controllers (MKS) were used to introduce UHP grade 
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(99.999%) H 2 , Ar, He and Xe gases into the plasma chamber through Ultratorr fittings at one 
end. The chamber pressure for all gas compositions is maintained between 10 mTorr and 10 
Torr. An MKS Baratron gauge is used to read the chamber pressure. 

III. DIAGNOSTICS 

A. Plasma Emission Spectroscopy 

Plasma emission from the glow discharge passes through a high-quality UV (200-800 
nm) fiber-optic bundle into a monochromator through a 220F matching fiber adapter that is 
delected either by a photomultiplier tube (PMT) with a stand-alone power supply of 995 volts or 
by a high quality scientific grade liquid nitrogen cooled CCD arrays. The numerical aperture of 
the fiber optic bundle is 0.12 and the corresponding acceptance angle is 12°. The spectrometer 
utilizes a 1250 mm focal length spectrometer (Jobin Yvon Horiba: Model 1250M Research 
Spectrometer) with a 2400 g/mm grating and a high resolution oft 0,006 nm. The spectrometer 
is rated for an accuracy of ±0.05 nm and repeatability of ±0.005 nm. The spectrometer was 
scanned through emission profiles of Balmer lines with a step size of 0.01 nm. The entrance and 
exit slits were set at 20 ^m. The liquid nitrogen cooled Symphony model CCD detectors are a 
family of array detectors from Jobin Yvon with 16 bit ADC with 20 KHz and 1 MHz read out. A 
back illuminated 2048x512 CCD of 13.5 ixm x 13.5 jim size provides very high-resolution 
capability. 

The Doppler-broadened line shapes for atomic hydrogen have been used to calculate the 
energy of the atomic hydrogen. The motion of a radiating particle moving towards or away from 
an observer results in a wavelength shift of the emitted line. This broadening is related to the 
random thermal motion of the emitting atoms and for a Maxwellian velocity distribution it 
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depends only on the translational (kinetic) temperature. Full half-width, AA. G> of the Gaussian 
profile results from the Doppler (AX D ) and instrumental (AX\) half-widths are 
AX Q =^A^+AXf . The instrumental half-width AXi is 0.006 nm and is negligible. The 
temperature of atomic hydrogen in terms of Doppler (AA, D ) half-width is given as [27] 



AX n =7.16xlO- 7 JL 



(tY 2 



nm. 



Here Xo is the line wavelength in nm, T is the temperature in K, and is atomic mass number(=l 
for hydrogen). It can be seen that Doppler broadening is more pronounced for lighter elements at 
high temperatures. For high densities >I0 ,3 /cc, Doppler broadening competes with Stark 
broadening. In addition, a contribution to the broadened profile may arise from the mass motion 
of the plasma. However, for these glow discharges where the plasma density is low (<10 u /cc), 
the contribution of Stark broadening to the line shape profile can be neglected without loss of 
accuracy. We checked the contribution from the mass motion of the plasma by sampling the 
plasma emission side-on as well as end-on. The absence of line shift shows that the line 
broadening is primarily due to the thermal motion. In each case, the error in the average Doppler 
half-width over 10 scans was about ±5% that is attributed to the fluctuations in the plasma. The 
half-width of the Doppler broadened emission profile was obtained using a multi-Gaussian curve 
fit utilizing the curve fitting software GRAMS from Jobin Yvon Horiba. 

B. Plasma Density Measurement 

In the present work, Langmuir probe (LP) data has been used for obtaining the bulk 
plasma density and bulk electron temperature in the capacitive discharge [28-29]. The cylindrical 
Langmuir probe is a tungsten tip of radius 1 mm and length 5 mm enclosed in an alumina tube. 
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The LP is placed between the electrodes at position 2 where most of the plasma heating occurs. 
In order to characterize the capacitively coupled radio frequency plasma, an rf compensated LP 
is utilized that allows accurate measurement of bulk electron temperature. The probe filtering 
does not allow time varying, non-Maxwellian properties of the electron energy distribution to be 
readily observed. Thus, the possible presence of a small population of hot electrons (E c > 20 eV) 
in such low-density capacitive discharges at gas pressures above 10 mTorr is not considered in 
this paper. Data acquisition software written in Lab View is used for automatic transfer from the 
oscilloscope to the computer. The entire LP data analysis in the present work was undertaken 
using an interactive graphics based software package developed in MatLab. 

IV. EXPERIMENTAL RESULTS 
A. DC Discharge 

The axial profile of the Balmer H a line (near 656.3 nm) observed perpendicular (side-on) 
and parallel to the electrode axis (end-on) looking towards anode as well as cathode is obtained 
for 1 Torr of Ar/H 2 (95/5%), He /H 2 (95/5%), and Xe/H 2 (95/5%) 300-400 V DC plasmas 
produced between fine tipped electrodes spaced 2 cm apart. The DC discharge is produced over a 
wide pressure range (and ion mean free path) of 10 mTorr- 10 Torr. Significant broadening was 
observed for Ar/H 2 and He/H 2 plasmas whereas no broadening was observed for Xe/H 2 plasmas. 

Axial profiles of the H a line for side-on as well as for end-on observations for 1 Torr 
argon mixed with 5% hydrogen plasma are shown in Fig. 3 and Fig. 4, respectively. The 
emission profile is isotropic and symmetric. The axial scan is performed parallel to the cathode 
pin axis with the tip located at z=0. The fiber optic cable entrance aperture is placed 
perpendicular to the surface of the quartz tube. The sampled plasma volume with an acceptance 
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angle of 12° for I inch and V% inch diameter tubes is 30 mm 3 and 4 mm 3 , respectively. The H a 
line profiles clearly exhibit a two-component Doppler-broadened profile corresponding to two 
populations of hydrogen atoms. The central narrow part corresponds to slow hydrogen atoms 
with temperatures in the range of 0.4-0.5 eV. The broad component of the profile corresponds to 
fast hydrogen atoms with an average temperature of - 40 eV. The fractional concentration of the 
slow part as obtained by curve fitting is 20-25% and the fast hydrogen component corresponds to 
80-75 % indicating that the production of fast hydrogen atoms is substantial. Similar emission 
profiles are obtained for He/H2 plasmas where the fast hydrogen atoms have temperatures in the 
range of 30-40 eV. In contrast, only the slow component (-0.5 eV) of the hydrogen population is 
observed for Xe/Fh plasmas (Fig. 5). The axial temperature and population profiles of both fast 
and slow hydrogen atoms corresponding to the emission profiles in Fig.3 are shown in Fig. 6. It 
can also be seen from Figs. 3 and 6 that the average width of the two Gaussians of the Doppler 
broadened profile and hence the average temperature does not change appreciably along the axis. 
Even though the potential drops primarily near the cathode tip, the population of fast hydrogen 
atoms (area under the curve) peaks at a distance 2 cm away from the cathode tip. Moreover, the 
population of fast hydrogen atoms as a fraction of the total population is a minimum (82%) at the 
cathode tip (z=0) and it increases to 94% at z = 2 cm and remains nearly uniform up to z = 8 cm 
(Fig. 6). It is noted that the intensity and corresponding plasma density decreases away from the 
cathode tip (Fig. 3) although the hot hydrogen component increases. 

Figure 7 shows the normalized emission profile for an end-on observation in Ar/Ffc and 
He/H2 plasmas looking towards the anode. A similar symmetrical emission profile is also 
obtained when the emission is sampled looking towards the cathode. Reflection of field- 
accelerated ions in equal measure to the accelerated direction is required by the CM to explain 
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the absence of either a predominant red or blue wing in the emission profile for the end-on 
observation. Furthermore, the symmetrical profile cannot be explained by the gas matrix 
collision effect as no change in the normalized profile symmetry is observed as the gas pressure 
is varied from 1 0 mTorr to 1 0 Torr resulting in a variation of electron-neutral collision frequency 
by three orders of magnitude (Fig. 8), 

The average thermal energy of hot hydrogen atoms as catalytic (Ar, He) and non-catalytic 
(Xe) gases are added to a 100 mTorr hydrogen plasma DC discharge is shown in Fig. 9. As the 
fractional concentration of the catalyst gas is increased, the thermal energy of hot hydrogen 
atoms increases. In contrast, the hot H atom thermal energy decreases sharply with increasing Xe 
concentration. The absence of H a broadening with a non-catalyst such as Xe cannot be explained 
on the basis of the collisional model since the acceleration mechanism should be independent of 
the ion mass. 

In addition, the transfer of energy from the electric field in these admixed plasmas is 
selectively to hydrogen atoms. Since the mass ratio of He to atomic hydrogen is 4:1, especially 
for highly collisional plasmas at higher gas pressures, it is expected from the Collisional Model 
[5] that a correspondingly energetic concentration of helium atoms (Doppler broadened profile) 
will be present. The Doppler half-width of the 667.82 nm He I line as shown in Fig. 10 is 0.012 
nm and it can be accurately resolved by the high-resolution spectrometer with an instrumental 
half-width of only 0.006 nm. The He atoms' average thermal energy corresponding to a 0.012 
nm Doppler half-width is 0.2 eV. No change in Doppler broadening of the 667.82 nm He 1 line 
was observed for all pressure and composition ranges studied in these experiments. The absence 
of hot helium atoms in He/H 2 plasmas where the hydrogen atoms have 30-40 eV energies also 
contradicts the Collisional Model because the atomic mass ratios are comparable (4: 1). 
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B. Capacitively Coupled RF Discharge 

The capacitively coupled radio frequency discharge is characterized using Langmuir 
probe (LP) and plasma emission spectroscopy diagnostics. The LP is employed to measure 
electron bulk plasma density (n c ) and electron temperature (T c ) and to determine if a bulk 
population of high temperature (>5 eV) electrons, not detectable by spectroscopic techniques, 
exists in our capacitively coupled RF plasmas. A side port at position 2 (Fig. 2) allows the 
insertion of the LP between the rf electrodes. The bn-axis LP measurements are summarized in 
Table 1 for different noble gases admixed with 10% hydrogen at constant pressure of 100 mTorr. 
The coupled radio frequency power is maintained constant at 100 W for all the cases. In general, 
a low-density plasma (-10 10 cm' 3 ) with bulk electron temperatures of 2-3 eV is observed for all 
plasma conditions. There is a slight drop (-15-20%) in n c as well as in T c as hydrogen is added to 
the pure noble gas plasmas. It should be noted, however, that we did not observe any high- 
energy (>5 eV) electron population obtained from the LP measurements. A single temperature 
bulk electron population characterizes these plasmas. The absence of higher-energy electrons in 
the higher-field regions between the electrode plates implies that there also are no fast electrons 
in low field regions far away from the electrodes. 

Plasma emission from capacitively coupled rf discharges varied over a wide pressure 
range is sampled perpendicular to the electric field between the large disc electrodes (Position 2 
in Fig. 2) and along the electric field through the 1 cm holes in the electrode plates (end-on). In 
addition, observations are also made at locations far way from the electrode plates (Positions I 
and 3 in Fig. 2). Isotropic and symmetric H a line profiles are observed for all three locations, 
independent of the observation angle relative to the electric field direction. The line profile also 
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remains symmetric as the gas pressure is varied over a wide range from 10 mTorr to 10 Torr. 
Line broadening is observed only for Ar/H 2 and He/H 2 plasmas and there is no broadening in 
comparable control mixtures of Xe/H 2 . The energy of the hot H atoms increases with increasing 
concentration of Ar and He gases whereas it decreases with Xe concentration. For the Ar/H 2 and 
He/H 2 plasmas the energy is selectively transferred to hydrogen atoms. In addition, the 
temperature of fast H atoms is quite uniform throughout the plasma chamber. 

The average thermal energy of hot hydrogen atoms as a function of Ar, He and Xe 
concentrations [H 2 (x seem); Ar, He, Xe (y=l-x seem)] is shown in Fig. 1 1. A pure hydrogen 
plasma at 1 50 mTorr with a 20 seem flow rate is produced at a coupled rf power level of 200 W. 
The corresponding thermal energy of the fast hydrogen atoms in this hydrogen plasma is -13-15 
eV. Noble gases are introduced into the plasma chamber and the total chamber pressure and flow 
rate are maintained at 1 50 mTorr and 20 seem, respectively, by adjusting the hydrogen and noble 
gas flow rates. As shown in Fig. 1 1, the average thermal energy of the hydrogen atom, obtained 
from symmetric emission profiles, increases from -13-15 eV to 25-30 eV as the Ar and He 
fraction is increased. In contrast, the average energy of the hydrogen atom decreases with 
increasing concentration of Xe. 

Figures 12 and 13 show the energy and fractional population of fast hydrogen atoms in 
Ar/H 2 (95/5%) plasmas as the chamber pressure is varied from 10 mTorr to 10 Torr. Plasma 
emission is sampled perpendicular to the field between the electrodes and along the field lines 
through holes in the powered and grounded electrodes. As shown in the figures, the fast 
hydrogen energy (20-25 eV) and their fractional population (70-80%) in n=3 states remains 
nearly constant as the gas pressure is varied over three orders of magnitude. Very similar profiles 
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of fast hydrogen energy (Fig. 14) and fractional population (Fig. 15) as a function of pressure are 
obtained for (95/5%) He/H 2 plasmas. 

The presence of hot hydrogen far away from the high field sheath region is in 
contradiction with the Collisional Model. The plasma emission is sampled at Position 1 and 
Position 3 (Fig. 2) and angular variation is obtained by rotating the optical probe. The reference 
is normal to the chamber axis and as the observation angle is varied, plasma emission far away 
(~ 6 cm) from the electrode region is sampled. As shown in Fig. 16, there is a very small 
influence of the tilt angle on the hot hydrogen energy for both Ar/M 2 and He/H 2 plasmas. It 
should be noted here that the symmetry of the emission profile is independent of the angle of 
observation. 

V DISCUSSION 

The observations and implications resulting from this study contradict the Collisional 
Model [5] where excessive H a broadening in pure hydrogen and mixtures of hydrogen with noble 
gases is explained primarily in terms of energetic ions (Ff\ H* and H* ) accelerated in the 
cathode fall region followed by energy transfer to the matrix gas (H and H 2 ) through charge 
exchange collisions. The character of atomic hydrogen broadening, namely the fast component 
temperature and the fractional population of the fast hydrogen atoms is quite different for 
different gas mixtures. In all variations of the collisional model [5], one consistent aspect is that 
the energy required for selective heating of the hydrogen atoms in plasmas consisting of 
hydrogen and hydrogen admixed with other gases is locally absorbed by ions from the electric 
field in the cathode fall region. In the CM at low pressures and collisionality, the emission profile 
should be dependent on the observation angle relative to the electric field direction. In order to 
explain the observed symmetry in the emission profile, they have argued that sputtered fast H 
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atoms and the back-reflected fast H atoms from the cathode surface give rise to fast H 
concentrations leaving the cathode in the same abundance as that moving towards the cathode. 

We summarize the significant results of our experimental observations that are 
inconsistent with the field acceleration based Collisional Model [5]; 1) Hot hydrogen atoms are 
observed only for pure hydrogen and specific mixtures such as Ar/H 2 and He/H 2 plasmas 
whereas no hot H atoms are found when hydrogen is admixed with electronically similar Xe 
[36]. 2) In the Ar/H 2 and He/H 2 cases, energy is transferred selectively to hydrogen atoms where 
molecular hydrogen and the admixed gas atoms remain colder (<0.5 eV). 3) The population of 
neutral H atoms is much hotter (15-40 eV) than any of the charged species (T c ~ 2-3 eV in 
capacitive discharge). 4) The emission profile is symmetric over a wide pressure and mean free 
path range (three orders of magnitude) and is independent of the observation angle relative to the 
electric field direction. 5) Comparably hot hydrogen atoms are observed in field-free regions far 
away (up to 1 5 cm) from the high-field sheath region. In the following sections we discuss the 
inconsistency of the field acceleration based Collisional Model to account for these results and 
demonstrate that the Resonance Transfer Model is consistent with these observations. 

Let us consider the presence of hot hydrogen atoms that occur only for pure hydrogen 
and hydrogen admixed with Ar and He plasmas and the absence of hot hydrogen atoms in 
electronically similar Xe/H 2 plasmas for the entire pressure range from 10 mTorr to 10 Torr. In 
the field acceleration based Collisional Model, the energy of hot hydrogen atoms should be 
independent of the nature of the electronically similar background gas except for differing 
collision cross sections of their ions with H. In order to test the collisional effect of background 
gases, we consider the cross section data for Balmer alpha and beta line emission from H and H + 
impact reactions on hydrogen (H 2 ) and our other reacting gases [31-36]. It should be noted that 
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cross-section data for low energy (< 100 eV) H and H + impact on all three reacting gases 
considered in this paper are not available. Therefore, H a emission cross-sections from the impact 
of 1 00 eV H atoms on noble gas targets H + X(X - Ar,He,Xe) -> H a are considered. These are 
7xI0* 17 cm 2 , 2xl0~ 18 cm 2 , and 5xl0~ 18 cm 2 for Ar, He, and Xe, respectively, [31,33,35]. 
Similarly, the H« emission cross-sections from 100 eV H + impact H* + X(X = Ar 9 Xe) -> H a> 
are 2xl0" 19 cm 2 and lxlO" 17 cm 2 for Ar and Xe, respectively [32,36]. The emission cross-section 
data for H* + He -> H a reaction is not available for H + energies below 1 .25 keV because of the 
small magnitude of the photon signals [36]. The cross section for // + + He -» H a collisions at 

H + energies of 1.25 keV is given as 0.6±0.3 xl0" 20 cm 2 and it will be much smaller for lower H + 
energies [36]. 

The CM argues that H + ions will travel and be accelerated over longer distances and gain 
more energy before interacting with the target gas if the cross-section of H + impact on the target 
gas is smaller. As a result, increasingly energetic H + ions and, therefore via charge exchange, 
more energetic H atoms should be observed when the target gas is changed from Xe to Ar to He. 
Hence, following these arguments, we should observe the most energetic H atoms in the 
presence of He gas at low pressure. In addition, the H a emission intensity should be similar for 
both He and Xe since the H impact cross-sections on He and Xe are similar. However, we 
observe H atoms of comparable energy (30-40 eV in the DC discharge and 20-25 eV in the 
capacitive discharge) with either He or Ar as the background gas whereas the H atom energies 
are only 1-2 eV with Xe. The H a line intensity is also sharply reduced in Xe/H2 discharges 
indicating low atomic hydrogen concentrations in non-RT plasmas. It can be concluded, 
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therefore, that the collisional model fails to explain the absence of fast H in Xe/Hb discharges in 
contrast to its presence in Ar/Hb and He/fy discharges. 

These observations are consistent with the RTM which mandates that hot hydrogen atoms 
will be observed in Resonance Transfer (RT) plasmas where an ion is present that can provide a 
net enthalpy of reaction of an integer multiple of the potential energy of atomic hydrogen. Hence 
He\ and Ar + can act as Catalysts* for the process since the electron ionization energies are an 
integral multiple of 27.2 eV [24). Furthermore, as predicted by the RTM, Xe species are 
incapable of acting as catalysts since the ionization energy for Xe is not an integral multiple of 
27.2 eV. As a result we do not observe hot hydrogen atoms in Xe/Ih plasmas. In addition, the 
atomic hydrogen concentrations in non-RT plasmas are also low as evidenced by the emission 
line intensity. 

We now consider the observation that the energy is transferred selectively primarily to 
hydrogen atoms (15-40 eV) whereas the atoms of admixed gases remain cold (<0.5 eV). In the 
Collisional Model there are neither preferred ions nor atoms and, therefore, one should observe 
correspondingly hot atoms of the admixed gases along with the hot hydrogen atoms. To our 
knowledge, no measurement has ever been made where equally hot atoms of admixed gases have 
been found. In collision dominated plasmas at higher gas pressures where an ion is bound to 
suffer many collisions with the background gas as it moves towards the cathode and where the 
mass ratios of the constituent gases are comparable, the presence of correspondingly hot atoms 
of admixed gases is inferred from the Collisional Model. Let us consider a He/H 2 plasma at 10 
Torr with the electron-neutral collision frequency of 3x1 0 10 s ] [30], If in gas mixtures where 
only a trace amount of hydrogen (-1%) is added to the helium plasma, plasma hydrogen and 
helium ions will undergo many collisions with the background helium gas as they travel towards 
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cathode. It should be noted that the recombination rate coefficients of helium and hydrogen ions 
with energy in the range ~ 20-30 eV is given by the reaction + e -» He and # + + e -> H . 
The two-body recombination rates for these two processes are comparable (a c =I0" i3 crnVs) [37- 
38]. Therefore, the survival probability of both He + and H* ions as they travel towards the 
cathode is comparable. It should be noted, however, that with an atomic mass ratio of 4:1 in 
helium-atomic hydrogen plasmas, we observe hydrogen atoms with average energies of 30-40 
eV whereas helium atoms are cold and have energies less than 0.5 eV (Fig. 10). In contrast, this 
selective transfer of energy to hydrogen atoms even though other comparable mass ratio ions are 
present is a cornerstone of the RTM prediction. 

As shown in Fig. 16, there is a significant presence of comparably hot hydrogen atoms 
far away from the high-field plasma sheath regions where most of the potential variation occurs. 
It is well known that outside the sheath region, where the plasma is largely quasi-neutral, the 
plasma potential variation is very small. Therefore, in a field free region, the field acceleration 
CM cannot explain the existence of hot hydrogen up to 15 cm from the electrode. In order to 
explain the presence of hot H atoms in low field regions, the modified CM [5] requires the 
presence of fast electrons that produce hot atomic hydrogen with an energy comparable in 
magnitude to that obtained in the high field region where, the source of these atoms are 
accelerated ions in the sheath. The measured electron temperature using the Langmuir probe 
located between the rf plates, where most of the electron heating takes place, is « 2-3 eV (Table 
1). It is reasonable, therefore, to argue that the bulk of the plasma well away from the electrodes 
region is cold. Moreover, the tail of the electron energy distribution function comprising high- 
energy electrons is not observed in the LP measurements for up to - 70 V applied voltages and is 
definitely negligible in the region far away from the electrodes. Hence, these electrons cannot 
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produce energetic ions that recombine to form H atoms with energies > 15-20 eV. The cross 
sections for resonant charge exchange transfer (Ar} aU + Ar xfow Ar^ + Ar* low 

m6He* hst + He stow -> He fim + HeJ fine ) can be utilized to estimate the distance traveled by an ion 

produced in the cathode fall region without suffering a charge exchange collision that reduces the 
maximum energy it can obtain. At 20 eV, the resonant charge exchange transfer cross sections 
(o\) for Ar and He ions are comparable at 2.2xl0* 15 cm 2 and 1.5xl0" 15 cm 2 , respectively [39]. 

The mean free path is given as A, = — — cm, where n g , the neutral particle density, is a function 

of gas pressure. At 10 mTorr, the mean-free path for charge transfer, X ly is 0,06 cm. Therefore, 
the ions produced in the cathode fall region will not maintain their energy over a distance of 15 
cm without suffering a charge exchange collision in these plasmas [39]. These ions cannot be the 
source of hot H atoms in a region far away from the electrodes. Moreover, the radiative lifetime 
of the hydrogen n=3 state is 10* 8 s [15] and with an assumed average velocity of 10 6 -10 7 cm/s 
corresponding to hydrogen energies of 1-100 eV, it can only travel a distance of 0.01-0.1 mm 
before emission and reduced energy. This implies that the observed H a emission is a result of 
local excitation. The rapid thermal ization of H atoms with the background gas will also localize 
fast H concentrations to the region where it is formed. Therefore, a mechanism that explains the 
localized production of hot H over the larger plasma chamber is required. Mills' hypothesis of a 
catalytic reaction of hydrogen is consistent with the observation of hot H atoms far way from the 
high field region. 

In order to explain the symmetric line emission profile, the CM model mandates the 
presence of a reflector or divertor. In this model a Gaussian distribution is achieved either by the 
scattering of hydrogen atoms by the electrode surface or by collisional excitation of Hf on H2 
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with large angle scattering [6], where Hp represents the hot hydrogen atoms that have previously 
collided with the electrode. This implies that the sputtered fast H atoms and the back-reflected 
fast H atoms from the cathode surface are produced in equal measure to produce a symmetric 
profile. This requires an "ideal isotropic reflector" to reverse the momentum of a positive ion 
gained from the electric field to give rise to fast H leaving the cathode in the same abundance as 
that moving towards the cathode. In addition, according to their model, a "divertor" must also 
exist such that the ratio of fast H at any given energy towards and away from the cathode 
remains equal and this must be the case in all directions including the direction perpendicular to 
the electric field. The interaction of an H atom with a metal surface is quasi-elastic for a large 
range of targets and energies. The particle and energy reflection coefficients for hydrogen atoms 
to be reflected back in the energy range of 20-30 eV are only 50% [40]. Therefore, the 
possibility that backscattered H atoms produced with a comparable distribution to those of the 
incident H atoms with comparable energy distributions so as to yield a symmetric profile is not 
feasible. In addition, it is well known that the effective cross section for many small-angle ion- 
neutral collisions to produce an equivalent deflection is larger than that for single large-angle 
collision [41]. Hence, this argument is not viable as a mechanism to explain the symmetry of the 
plasma emission profile. 

Electron-ion, electron-neutral, and ion-neutral collision frequencies are a complex 
function of not only the gas pressure but also of the energy of the colliding particles. Therefore, 
in order to obtain a better insight into the energy transfer through the collision and charge 
exchange process, an estimate of the collision frequencies at the pressure and energies of interest 
is discussed. For a flux of incident electrons with velocities v colliding with a background neutral 
gas, the collision frequency is given approximately as v^ = n g ov = n g K ~ 3x I0 9 xP(Torr)s _1 
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where n e is the neutral number density given by Loschmidt*s number and a is the collision cross- 
section and K is the rate constant [41-42], At 10 mTorr and 10 Torr, the electron-neutral collision 
frequencies are 3xl0 7 s" 1 and 3xl0 10 s* 1 , respectively, a variation of three orders of magnitude. 
Therefore at 10 mTorr, the electron-neutral collision frequency is comparable to the rf frequency 
and the electron can travel to the anode in one rf period of 73 ns. The LP measured electron 
temperature is 2-3 eV and the electron can travel a distance of about 8 cm during one rf period 
without suffering collisions with the background neutral gas. Therefore, in low-collision-rate 
plasmas compared to the ion transit time between the electrodes, based on the CM, fast H atoms 
produced by the charge exchange process will continue to move towards the direction of the 
accelerated ions and will yield a predominant red or blue wing in the emission spectrum relative 
to the direction of observation. However, the data presented in this paper are contrary to the 
prediction of the CM field acceleration mechanism of energy transfer to hydrogen atom. The 
symmetric line profile is independent of the angle of observation. 



VI CONCLUSION 

The mechanism of extraordinary broadening of the hydrogen Balmer lines in hydrogen 
admixed with noble gases has been studied in two different discharge systems over a wide 
parameter range to examine highly collisional and weakly collsional regimes. Experiments were 
performed to test the validity of the field acceleration based Collisional Model. The field 
acceleration based Collisional Models were formulated to explain the energy gained by hydrogen 
atoms in experiments where only hydrogen plasmas and plasmas of hydrogen admixed with 
much heavier noble gases (Ar) were considered. As a result, the selective transfer of energy only 
to the hydrogen atom was not considered while theories were formulated to explain the 
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extraordinary broadening. However, we have found that energy is transferred only to hydrogen 
atoms and not to the admixed gases even when the admixed gas is helium with a mass ratio of 
4:1. It was also realized that this energy transfer is not the same even when the admixed gases 
are electronically similar. For example, hot H atoms are absent when He and Ar are replaced 
with an electronically similar noble gas Xe. The directionality of energy gained according to the 
field acceleration based CM mechanism was tested by using sharp tipped electrodes in a DC 
discharge, thus minimizing the electrode surface area perpendicular to the axis. The plasma 
emission parallel and perpendicular to the electric field lines was sampled over a wide pressure 
range. The H a line profiles were observed to be symmetric in all cases. As discussed earlier, this 
symmetry can not be explained by the field acceleration based CM model, including its 
variations where it is argued that equally hot H atoms in equal measure are produced by 
backscattering with the cathode surface. 

Moreover, the Collisional Model utilizes the presence of a plasma sheath where most of the 
ions are accelerated and these then transfer energy to hydrogen atoms through the charge 
exchange process. It has been shown in this paper that hot hydrogen atoms are observed far away 
from the cathode fall regions in plasmas. The presence of hot H in a region where the plasma 
potential variation is low and plasma electrons are cold (T c <2 eV), is clearly in contrast to the 
CM. It is concluded that these observations are consistent with the RT-plasma mechanism. 
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TABLE^l 

Langmuir probe measurement of plasma density and electron temperature in capacitively 
coupled radio frequency plasmas at 100 mTorr and 100 W coupled rf power. 



Gas 
Composition 


Bulk Plasma 
Density (cm* 3 ) 


Bulk Electron 
Temperature (eV) 


Ar 


2-3xI0 10 


2.1-2.4 


Ar/10%H 2 


5-8x1 0 9 


1 .8-2.0 


He 


6-9x1 0 9 


2.5-3.0 


He/10%H 2 


3-5x1 0 9 


1.9-2.3 


Xe 


2-5x10'° 


1.7-2.0 


Xe/10%H 2 


7-9x1 0 9 


1.7-1.9 



y% inch 




Fig 1. Schematic of the DC discharge created between the fine tips of 2% thoriated tungsten 
electrodes with the direction of axial scans defined. The cathode tip is taken as z=0 cm for side- 
on observations measured along the axis of the cathode from its tip to its electrical connection. 
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Fig.2: Schematic of the capacitively coupled radio frequency plasma system. Optica! emission 
spectroscopy is performed perpendicular to the electric field (Position 2) and parallel to the field 
(end-on observation). 
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Fig, 3. Axial scan of the 656.3 nm Balmer a line width recorded on a 1 low Ar Mi (95/5%) DC 
plasma discharge with needle-like electrodes at 400 V and 20 mA showing 80% of the 
hydrogen was 'hot* with an average hydrogen atom energy of 40 eV, compared to < 0.5 
eV for the slow population. 
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655,8 656.0 656.2 656.4 656.6 656.8 
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Fig. 4. The 656.3 nm Balmer a line width recorded end-on (parallel to the electric field) on a 1 
Torr Ar /H2 (95/5%) DC plasma discharge with needle-like electrodes at 400 V and 20 
mA. Both views looking towards the cathode as well as the anode show a symmetrical 
emission profile. The temperature of hot hydrogen atoms is in the range of 38-40 eV. 
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Fig. 5. Axial scan of the 656.3 nm Balmer a line width recorded on a 1 Toxx Xe /H2(95/5%) DC 
plasma discharge with needle-like electrodes at 400 V and 20 mA showing only a cold 
population of <1 eV with a decrease in intensity along the cathode due to a decrease in 
electron density and energy. 
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Fig. 6. Axial plots of hot hydrogen atoms temperature and population (given by area under the 
curve) corresponding to the spectrum in Figure. 3. A hot hydrogen population is present 
even at a distance of 8 cm away from the cathode tip where most of the potential falls. 
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Fig. 7 Normalized end-on emission spectrum of I Torr Ar/5%H 2 and He/5%H 2 plasma looking 
towards the anode. Note the symmetrical emission profile. 
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Fig. 8 Normalized end-on emission spectrum of Ar/5%H 2 plasma looking towards cathode as the 
gas pressure is varied over threc-orders-of magnitude from 10 mTorr to 10 Torr. Note the 
symmetrical emission profile. 
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Fig.9 Energy of hot hydrogen atoms as a function of fractional concentration of admixed gases in 
a DC discharge at 1 00 mTorr. Note the increase in the energy of hot H as Ar and He 
concentration increases and decrease in energy with the addition of Xe. 
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Fig. 10 The 667.816 nm He I line width for 1 Torr He/Fh (95/5%) at 400 V and 20 mA . No 
broadening was observed, 
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Fig.l 1. Energy of hot hydrogen atom in Ar/H 2 , He/hh and Xe/H 2 plasmas as a function of the 
noble gas concentration [H 2 (x) Ar, He, Xe(y=l-x)] in capacitively coupled rf discharge. The 
plasma chamber is maintained at 150 mTorr with a total flow rate of 20 seem. The coupled rf 
power is 200 Watt. H a emission is sampled perpendicular to the electric field between the 
capacitive plates. 
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Fig. 12: Hot hydrogen atom temperature for capacitively coupled Ar/Hi discharge at different 
gas pressures. Observations are made perpendicular to the field between the electrodes 
and parallel to the field lines through holes in both powered and grounded electrodes. 
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Fig. 13. Fractional population of hot hydrogen atoms in n=3 excited state in a capacitively 
coupled Ar/H2 discharge at different gas pressures. 
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Fig. 1 4. Hot hydrogen atom energy in a capacitively coupled He/H 2 discharge at different gas 
pressures. 
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Fig.] 5. Fractional population of hot hydrogen atoms (n=3 state) in a capacitively coupled He/H 2 
discharge at different gas pressures. 
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Fig. 1 6. Angular variation of Doppler energy of hot hydrogen atom in a capacitively coupled 
radio frequency discharge at 150 mTorr 50%Ar/50%H 2 and 50%He/50%H 2 plasma at 
200 W. Plasma emission is sampled at Position 1 (Fig. a) and Position 3 (Fig. b) far away 
from the region of high field in plasma sheath. Reference is normal to the chamber axis. 
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ABSTRACT 

Plasmas of certain catalysts such as Sr* and Ar* mixed with hydrogen were studied 
for evidence of a novel energetic reaction. These hydrogen plasmas called resonant transfer- 
or rt-plasmas were observed to form at low temperatures (e.g. «10 3 K) and extraordinary low 
field strengths of about 1-2 V/crn when argon and strontium were present with atomic 
hydrogen. Time-dependent line broadening of the H Balmer a line was observed 
corresponding to extraordinarily fast H (25 eV). When an argon-hydrogen hollow-anode glow 
discharge plasma with strontium metal contained in the cell was optimized for Sr* emission, 
an average hydrogen hot atom temperature of 50.2 eV with a 83.5% population and an excess 
power of 28.5% of the input power were observed. Using water bath calorimetry, an excess 
power of 2.85 W was measured on rt-plasmas with Sr* and Ar + as catalysts and atomic 
hydrogen as a reactant, compared with controls with no hydrogen and no catalyst present. The 
energy balance was high. Given an argon-hydrogen (95/5 %) flow rate of 1.0 seem and an 
average excess power of 2.85 W and energy balances of over -7.7 X 10 4 kJ/mole H 2 were 
measured. 

Keywords: catalysis, rt-plasma, fast H, excess power 
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1. Introduction 

A new chemically generated or assisted plasma source has been developed that is based 
on a resonant energy transfer mechanism (rt-plasma). One such source operates by 
incandescently heating a hydrogen dissociator and a catalyst to provide atomic hydrogen and 
gaseous catalyst, respectively, such that the catalyst reacts with the atomic hydrogen to 
produce a plasma. It was extraordinary that intense EUV emission was observed by Mills, et 
al. [1-4] at low temperatures (e.g. « 10 3 K ) and an extraordinary low field strength of about 1- 
2 V/cm from atomic hydrogen and certain atomized elements or certain gaseous ions, which 
singly or multiply ionize at integer multiples of the potential energy of atomic hydrogen, 
27.2 eV . A number of independent experimental observations [1-26] confirm that the rt- 
plasma is due to a novel reaction of atomic hydrogen which produces as chemical 
intermediates, hydrogen atoms in fractional quantum states that are at lower energies than the 
traditional "ground" {n = I ) state. Power is released, and the final reaction products are novel 
hydride compounds. The supporting data include EUV spectroscopy [1-7, 10, 14-20, 23], 
characteristic emission from catalysts and the hydride ion products [1-4, 14, 16-20], lower- 
energy hydrogen emission [5-7, 23], chemically formed plasmas [1-4, 14-20], Balmer a line 
broadening [1-6, 8-14, 16, 19-20, 23], population inversion of H lines [19-21], elevated 
electron temperature [6, 8-9], anomalous plasma afterglow duration [14-15], power generation 
[6, 10, 14, 22-23], and analysis of novel chemical compounds [14, 24-26]. 

The theory given previously [27-29] is based on applying Maxwell's equations to the 
wave equation. The familiar Rydberg equation (Eq. (1)) arises for the hydrogen excited states 
for n>l ofEq.(2). 

r e 2 13.598 eV 

E„ = -— = 1 

n%7t£ t) a H n 

« = 1,2,3,... (2) 

An additional result is that atomic hydrogen may undergo a catalytic reaction with certain 

atoms and ions, which singly or multiply ionize at integer multiples of the potential energy of 

atomic hydrogen, m ill eV , wherein m is an integer. The reaction involves a nonradiative 

energy transfer to form a hydrogen atom that is lower in energy than unreacted atomic 

hydrogen that corresponds to a fractional principal quantum number. That is 
1111 

w = r»r.7»-f— ; pis an integer (3) 
2 3 4 p 

replaces the well known parameter « = integer in the Rydberg equation for hydrogen excited 

states. The n = \ state of hydrogen and the n = - — ? — states of hydrogen are nonradiative, 

integer 

but a transition between two nonradiative states, say n = l to « = l/2, is possible via a 
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nonradiative energy transfer. Thus, a catalyst provides a net positive enthalpy of reaction of 
/n-27.2 eV (i.e. it resonantly accepts the nonradiative energy transfer from hydrogen atoms 
and releases the energy to the surroundings to affect electronic transitions to fractional 
quantum energy levels). As a consequence of the nonradiative energy transfer, the hydrogen 
atom becomes unstable and emits further energy as q\3.6eV emission [5-7] or q<U.6eV 

transfer to H to form extraordinarily hot, excited-state H [8-13] until it achieves a lower-energy 

nonradiative state having a principal energy level given by Eqs. (1) and (3). Processes such as 

hydrogen molecular bond formation that occur without photons and that require collisions are 

common [30]. Also, some commercial phosphors are based on resonant nonradiative energy 

transfer involving multipole coupling [31]. 

Certain atoms, excimers, and ions which provide a reaction with a net enthalpy of an 
integer multiple of the potential energy of atomic hydrogen, E h -212 eV where E h is one 

hartree. Specific species (e.g. He* > Ar* , K y and Sr*) identifiable on the basis of their known 
electron energy levels are required to be present in plasmas with atomic hydrogen to catalyze 
the process. In contrast, species such as atoms or ions of Mg or Xe do not fulfill the catalyst 

criterion — a chemical or physical process with an enthalpy change equal to an integer multiple 
of E h that is sufficiently reactive with atomic hydrogen under reaction conditions. 

Ar* may serve as a catalyst since its ionization energy is about 27.2 eV . Also, since 
the ionization energy of Sr* to Sr 3+ has a net enthalpy of reaction of 2-27.2 eV , Sr* may 
serve as catalyst alone or with Ar* catalyst. It was reported previously that an rt-plasma 
formed with a low field (lV/cm), at low temperatures (e.g. *I0 3 K\ from atomic hydrogen 
generated at a tungsten filament and strontium which was vaporized by heating the metal [1-4]. 
Strong VUV emission was observed that increased with the addition of argon, but not when 
sodium, magnesium, or barium replaced strontium or with hydrogen, argon, or strontium alone. 
Characteristic emission was observed from a continuum state of Ar 2 * at 45.6 nm without the 
typical Rydberg series of Ar I and Ar II lines which confirmed the resonant nonradiative 
energy transfer of 27.2 eV from atomic hydrogen to Ar* [2,4, 18]. Predicted Sr 3+ emission 
lines were also observed from strontium-hydrogen plasmas [2, 4] that supported the rt-plasma 
mechanism. 

Significant Balmer a line broadening corresponding to an average hydrogen atom 
temperature of 14 eV and 24 eV was observed for strontium and argon-strontium rt-plasmas 
and 23-45 eV for discharges of strontium-hydrogen, helium-hydrogen, argon-hydrogen, 
strontium-helium-hydrogen, and strontium-argon-hydrogen, compared to »3eK for pure 
hydrogen, krypton-hydrogen, xenon-hydrogen, and magnesium-hydrogen. To achieve that 
same optically measured light output power, sodium-hydrogen, magnesium-hydrogen, and 
barium-hydrogen mixtures required 4000, 7000, and 6500 times the power of the stronttum- 
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hydrogen mixture, respectively, and the addition of argon increased these ratios by a factor of 
about two. A glow discharge plasma formed for strontium-hydrogen mixtures at an extremely 
low voltage of about 2 V compared to 250 V for hydrogen alone and sodium-hydrogen 
mixtures, and 140-150 V for magnesium-hydrogen and barium-hydrogen mixtures [1-2, 4]. 
These voltages are too low to be explicable by conventional mechanisms involving accelerated 
ions with a high applied field. 

To further characterize argon-strontium rt-plasmas, plasma formation was studied 
relative to mixtures of hydrogen and a chemically similar control that does not have electron 
ionization energies which are a multiple of 27.2 eV 9 and the Balmer lines were recorded by 
visible spectroscopy to confirm that an energetic hydrogen plasma was present having H 
energy states greater than 12 eV corresponding to n>3 in Eqs. (1-2). The broadening of the 
Balmer a line was also recorded as a function of time, and thermal power balance 
measurements were performed. The cell comprised a titanium or tungsten filament to heat and 
vaporize some strontium as a source of catalyst and to dissociate molecular hydrogen to atomic 
hydrogen. The addition of argon to the plasma further provided the catalyst Ar* . 

Since a conventional discharge power source was not present, the formation of a 
plasma would require an energetic reaction. The origin of Doppler broadening is the relative 
thermal motion of the emitter with respect to the observer — in this case the spectrometer. Line 
broadening is a measure of the atom temperature, and a significant increase was expected and 
observed for catalysts from strontium or argon with hydrogen. The observation of a high 
hydrogen temperature with no conventional explanation would indicate that an rt-plasma must 
have a source of free energy. An energetic chemical reaction was further indicated since it was 
found that the broadening is time dependent. Therefore, the thermal power balance was 
measured calorimetrically. To maintain a constant level of ionized argon and strontium as 
catalysts, a DC glow discharge of plasma of argon-hydrogen (97/3%)-strontium was 
maintained using a hollow anode. The energy balance was measured by water bath 
calorimetry. We report the results of these characterizations and discuss the implications 
regarding the rt-plasma mechanism in Sees. 3A-C. 

2. Experimental 

Balmer Line Broadening. An argon-hydrogen (97/3%)-strontium rt-plasma was 
generated in the experimental set up (Figure 1) described previously [1-4] comprising a 
thermally insulated quartz cell with a cap that incorporated ports for gas inlet, and outlet. A 
titanium filament (55 cm long, 0.5 mm diameter) that served as a heater and hydrogen 
dissociator was in the quartz tube. 2.5 g of magnesium or strontium metal (Alfa Aesar 
99.95%) was placed in the center of the cell under one atmosphere of dry argon in a glovebox. 
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The cell was sealed and removed from the glovebox. The cell was maintained at 50 °C for 
four hours with helium flowing at 30 seem at a pressure of 0.6 Torr. The filament power was 
increased to 120 W in 20 increments every 20 minutes. At 120 W, the filament temperature 
was estimated to be in the range 800 to 1000 °C. The external cell wall temperature was about 
700 °C. The cell was then operated with and without an argon-hydrogen (90/10%) flow rate of 
5,5 seem maintained at 0.6 Torr. Additionally, the cell was operated with hydrogen and argon- 
hydrogen (90/1 0%) gas flow and no metal. Each metal was vaporized by the filament heater. 
The presence of a hydrogen plasma was determined by recording the visible spectrum over the 
Balrner region with a Jobin Yvon Horiba 1250 M spectrometer with a PMT detector described 
previously [8-9] using entrance/exits slits of 200/100 pm , 0.1 A step size, and a 3 s integration 

time. The width of the 656.3 nm Balrner a line emitted from the argon-hydrogen (90/10%)- 
strontium rt-plasma having a titanium filament was measured initially and periodically during 
operation. The Balrner profile was also recorded on the air-gap, glow discharge reactor 
described in the next section with an input power of 20 W (V=200; 1=0.1 A). 

Power balance measurements. The power balance of a rt-plasma of strontium with 
argon-hydrogen mixture (95/5%) maintained in an air-gap, glow discharge reactor shown in 
Figure 2 was measured by water bath calorimetry using the experimental setup shown in 
Figure 3. Excess power was observed from argon-hydrogen-strontium plasmas compared to 
calibration control experiments with the same input power. 

The reaction cell comprised a cylindrical stainless steel case of 5.1 cm OD and 17.2 cm 

in length welded to a set of high vacuum, 8.6 cm diameter Con-flat flanges, as shown in Figure 
2. A silver plated copper gasket was placed between a mating flange and the cell flange. The 
two flanges were clamped together with 10 circumferential bolts. The top-mating flange had a 
radial centered stainless steel hollow feed through that extended 8.6 cm into the cell and was 
partially covered by a 3.6 cm long ceramic sleeve, measured from the flange. Gas was fed into 
the cell by a 1 cm OD stainless steel tube welded to the top-mating flange. Gas flow was 
controlled by a 0-20 seem range mass flow controller (MKS model M100B21CSIBV). The 
ceil pressure was monitored by a 0-10 Torr MKS Baratron (model 626A11TEE) absolute 
pressure gauge. Additionally, the top-mating flange had a drilled thermo well that housed a 
stainless steel thermocouple (0.3 cm OD). Two 1 cm OD stainless steel tubes were welded to 
the bottom wall of the reaction cell. One carried the exhaust gas, and the other served as a 
connection port for a 0.6 cm OD and 16.5 cm long quartz rod to perform optical emission 
spectroscopy studies. In an oxygen free environment (glove box), 4 grams of strontium 
distributed in 15 pieces was loaded into the reaction cell and placed below the hollow electrode 
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as shown in Figure 2, the reaction cell was transferred into the stainless steel jacket, and all the 
gas and electrical connections were fitted and checked for leaks. 

The reaction cell was housed inside a cylindrical stainless steel jacket of 15.2 cm OD 
and 30.5 cm in length with a removable front flange having welded Ultratorr connectors that fit 
the reaction cell gas line and the thermocouple. The bottom wall of the stainless steel jacket 
had two welded Ultratorr connections that fitted the reaction cell exhaust gas and the quartz 
rod connection port. Two 0.41 cm OD copper power feed-throughs were welded on the side 
wall and that provided electrical connectors for the reaction cell when it was placed inside the 
stainless steel jacket. The jacket housing containing the reaction cell was placed inside the 
drained water bath container, the gas inlet and outlet tubes were connected to the gas/vacuum 
manifold, as shown in Figure 3. 

The water bath (Figure 3) comprised an insulated reservoir filled with 41 liters of de- 
ionized water. The water was agitated with a paddle driven by a stirring motor. A high 
precision linear response thermistor probe (Omega OL-703) recorded the temperature of the 
water bath as a function of time for the stirrer alone to establish the baseline. The water bath 
was calibrated by a high precision heater (Watlow LGEX17B Type CR-1, with a Xantrex XDC 
power supply 0-6000 ± 0.01 W). Each experiment comprised three distinctive periods: pre- 
period, heating period, and post period. The pre-period was performed with no power applied 
to the electrode or to the heater during the reaction test or calibration test, respectively. During 
the heating period, power was applied through the electrode or through the heater. In the post 
period, the power applied during the heating period was turned off The water of the bath was 
agitated with a stirrer spinning at constant speed throughout all three periods. 

The heat capacity was determined for several input powers, 1 0, 20, 30, 40, and 50 W ± 
0.01 W, and was found to be independent of input power over this power range within ± 1.8 
%. The temperature rise of the reservoir as a function of time gave a slope in °C/s. This slope 
was baseline corrected for the stirrer power and loss to ambient. The constant known input 
power (J/s), was divided by this slope to give the heal capacity in J/°C. Then, in general, the 
total power output from the cell to the reservoir was determined by multiplying the heat 
capacity by the rate of temperature rise (°C/s) to give J/s. 

The power balance for a plasma system consisting of the contents of the water bath 
calorimeter is [23] 



6 



H = M {H in - H mt( ) + Q phamt + Q^ zr ^ k + Q slimr + Q hcaf cxclum&: (4) 

where H's are enthalpy values (inlet and outlet gases as indicated by the subscripts in and out, 
respectively, and the hat designates per mole), M is the molar flow rate, and the Q's are heat 

flow rates. It is clear from Eq. (4) that a correction must be considered both for the gas flow 
term (first term, right side), 'Q^^ which represents the input of the section (approx. 80 

cm long) of the power cable that passes through the water bath as it brings power to the 
discharge, for the work of the stirrer, and for the heat exchange between the insulated water 
bath and its surroundings. 

The values of 1 and the heat carried out with the gas were small, as 

determined by appropriate temperature readings. Thermocouples were employed to measure 
the temperature of the input and output gas, as well as the temperature of the power cable just 
outside the water bath. Given that the temperature of the power cable was the same as the 
water bath, Q 

cable was taken as zero. The gas temperature change between input to the 

plasma and output from the water bath was never more than 1 K. Heat transfer from cell 
containing the flowing gas to the water in the bath was clearly very efficient. Given the flow 
rate was 1 seem, this requires a maximum correction of less than 10"* W, a trivial correction. 
The stirrer and heat exchange terms were found to be the most significant correction, but its 
value was readily determined by measuring the temperature rise with only the stirrer operating. 
This correction can be accurately calculated from the slope of the pre- and post-heating periods 
and was found to be constant, 5.0 W for all experiments. Once these relatively trivial 
corrections are made, the 'effective' energy balance becomes: 

# = fiU— (5) 
The calibration procedure resulted in a linear change in temperature for constant power inputs. 
This is expected, given the nearly constant heat capacity of water over small changes in 
temperature (<14 K in all cases). Thus, changes in enthalpy can be readily equated with 
change in temperature of the bath. In short: 

H = C p f^Q phM (6) 

Thus, one must only multiply the calibration constant by the rate of change of bath temperature 
to obtain the plasma's heating power of the water bath. In the event that the change in 
temperature is nearly linear with time, as it was in all cases in this study, the rate (W) of heat 
input from the plasma to the balh can be readily determined, and compared with the input 
power. The rt-plasma results were compared with the results of the calibration control 
experiment determined using the same analytical procedure . 

Since the cell and water bath system were adiabatic, the general form of the power 
balance equation with the possibility of excess power is: 
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0 



(7) 



where P ih is the input discharge or heater power, P tx is the excess power generated from the 
hydrogen catalysis reaction, and P out is the thermal power loss from the cell to the water bath. 

The plasma voltage and current reached steady state in about 5 to 10 minutes after the heating 
period started, and the temperature measured at the wall of the cell typically reached a steady 
state in about 1 to 2 hrs after the heating period was started. At this point, the power lost from 
the cell P out was equal to the power supplied to the cell, P m9 plus any excess power P cx . 



Since the cell was surrounded by water that was contained in an insulated reservoir with 
negligible thermal losses as discussed above, the temperature response of the thermistor T as a 
function of time / was modeled by a linear curve 



where a is the heat capacity (J/°C) for the least square curve fit of the response to power input 
for the control experiments (P ex = 0). The slope was recorded for about 25 hours after the cell 

was started, to achieve an accuracy of ± 1 ,8%. 

The slope of the temperature rise as a function of time was recorded for each run and 
baseline corrected for the stirrer power and loss to ambient, then the output power was 
calculated from the corrected slope. After the calorimeter was calibrated, T(() was recorded 

with a selected power to the plasma and compared to the results of identical input to the heater 
in a separate run of the identical system. The higher slope produced with argon-hydrogen- 
strontium plasma, having Sr* and Ar+ as catalysis and atomic hydrogen as a reactant, 
compared with controls with no hydrogen and no catalyst present was representative of the 
excess power. In the case of the catalysis run, the total output power P out was determined by 

solving Eq. (9) using the measured t{i) and the heat capacity a. The excess power P ex was 
determined from Eq. (8). 

3. Results and discussion 

A. RT-pIasma emission 

An argon-hydrogen (90/10%)-strontium rt-plasma formed with a low field (1 V/cm), at 
low temperatures (e.g. «10 3 K) y from atomic hydrogen generated at a titanium filament and 
strontium which was vaporized by heating the metal. II Balmer emission corresponding to 
population of a level with energy >\2eV was observed as shown in Figure 4 which also 
requires that Lyman emission was present. No plasmas formed when magnesium replaced 
strontium or with hydrogen, argon/hydrogen, or strontium alone. This result indicates that the 



P +/> =P 

tn ex o 



out 



(8) 



t(t) = a- , P„ 



out 



(9) 



8 



emission was due to a reaction of hydrogen with vaporized strontium. No possible chemical 
reactions of the titanium filament, the vaporized strontium, and 0.6 Torr argon-hydrogen 
mixture at a cell temperature of 700°C could be found, which accounted for the Balmer 
emission. In fact, no known chemical reaction releases enough energy to excite Balmer and 
Lyman emission from hydrogen. In addition to known chemical reactions, electron collisional 
excitation, resonant photon transfer, and the lowering of the ionization and excitation energies 
by the state of "non ideality" in dense plasmas were also rejected as the source of ionization or 
excitation to form the hydrogen plasma [15]. The formation of an energetic reaction of atomic 
hydrogen was consistent with a source of free energy from the catalysis of atomic hydrogen by 
Sr + and Ar* . 

B. Balmer a line widths 

The energetic hydrogen atom energies were calculated from the Doppler width of the 
656.3 nm Balmer a line emitted from RF rt-plasmas [8-9]. The full half-width A\ ; of each 
Gaussian results from the Doppler (AZ D ) and instrumental ( AA, ) half-widths: 



AX, in our experiments was 0.006 nm . The temperature was calculated from the Doppler 
half-width using the formula: 



where \ is the line wavelength, T is the temperature in K (1 eV -\ 1,605 K) y and fu is the 
molecular weight (=1 for atomic hydrogen). In each case, the average Doppler half-width that 
was not appreciably changed with pressure varied by ±5% corresponding to an error in the 
energy of ±10%. 

The 656.3 nm Balmer a line widths recorded on the argon-hydrogen (90/10%)- 
strontium rt-piasma having a titanium filament initially and after 70 hours of operation are 
shown in Figure 4. Significant broadening was not observed initially. However, the Balmer 
a line profile of the plasma emission after 70 hours comprised two distinct Gaussian peaks, an 
inner, narrower peak corresponding to a slow component with an average hydrogen energy of 
1 eV and an outer broader peak corresponding to a fast component of 20 eV. Only the 
hydrogen lines were broadened. These results are consistent with the catalysis of hydrogen to 
lower-states followed by subsequent transitions with increasing energy release by an 
autocatalytic mechanism previously reported with spectroscopic evidence [7-8]. 

We have assumed that Doppler broadening due to thermal motion was the dominant 
source to the extent that other sources may be neglected. This assumption was confirmed 




(10) 




(11) 
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when each source was considered. In general, the experimental profile is a convolution of two 
Doppler profiles, an instrumental profile, the natural (lifetime) profile, Stark profiles, van der 
Waals profiles, a resonance profile, and fine structure. The contribution from each source was 
determined to be below the limit of detection [1-6, 8-14, 16, 19-20, 23]. 

The emission spectrum from the hollow anode, glow discharge of argon-hydrogen 
(95/5%)-strontium (Figure 5a) showed an intense Sr* (407.77 nm) line. The selectively 
Doppler-broadened 656.3 nm Balmer a line width recorded with a high resolution visible 
spectrometer corresponding to an average hydrogen hot atom temperature of 50.2 eV with a 
83.5% population is shown in Figures 5b and 5c. The independence of the broadening and the 
peak shape with position in the cell or the dependence on applied voltage or pressure over a 
broad range excludes the only conventional explanation of a field acceleration mechanism as 
discussed previously [1-6, 8-14, 16, 19-20, 23]. 

The formation of fast H can be explained by a resonant energy transfer from hydrogen 
atoms to Sr + or Ar + ions of two and one times the potential energy of atomic hydrogen, 
respectively, followed by a collisional energy transfer to yield fast H{p-\) y as well as the 

emission of q-\2.6eV photons reported previously [5-7]. For example, the exothermic 
chemical reaction of H + H to form H 2 does not occur with the emission of a photon. Rather, 

the reaction requires a collision with a third body, Af, to remove the bond energy- 
7/ + // + M-»// 2 + A/* [30]. The third body distributes the energy from the exothermic 

reaction, and the end result is the H 2 molecule and an increase in the temperature of the 

system. In the case of the catalytic reaction with the formation of states given by Eqs. (1) and 
(3), the temperature of H becomes very high. 

C. Power balance of the rt-plasma cell 

The thermogram, T(i) response of the air-gap reactor with an input power of 10 W to 

maintain an argon-hydrogen (95/5%)- Sr* plasma compared to the heater calibration with 
stirring only and with a constant input power to the high precision heater of 10 W is shown in 
Figure 6a. It is evident that the value of the heating slope of the calibration experiment (heater) 
is smaller than the value of the reaction test, implying that for the same experimental 
conditions and input power, the rt- plasma transferred more heat to the water than the control 
performed using the high precision heater. According to Eq. (6), the water bath temperature is 
a direct indication of the amount of heat generated inside the reaction cell and transferred to 
the system; therefore, the results of this study show that the argon-hydrogen (95/5%)-strontium 
plasma generated heat in excess of the input power. 
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The average baseline corrected least squares fit of the slope, f(l)> for several 

calibrations was 5.23 X 1(T S °Cf$, and the heat capacity determined from Eqs. (8-9) with 
P a = 0 , and P m = P ottt = 10 W was 1 .91 1 X 10 5 JI°C. Then the temperature response of the 

calorimeter for any case (Eq. (9)) was determined to be 

f(/) = (1.911 X 10 5 Jrcj'xP^ (12) 

Also a plot of the evolution of excess heat as a function of time can be obtained by using the 

same heat capacity multiplied by the delta temperature between the reaction and calibration 

test profiles and further dividing by the time increment: 

c p {t;-t;) 

<>-<o 

where is the excess heat, T r and 7/ are the water bath temperature of the reaction test and 
the calibration test at time t n respectively, and t 0 is the time at which the heating period 

started. The excess power obtained for the plasma reaction as a function of time determined by 
using the measured f(t) , the input power of 10.0 W, and Eqs. (8) and (9), is shown in Figure 

6b. The typical excess heat observed was 2.85 W. These results agree with those obtained 

using Eq. (13). Sources of error were the error in the calibration curve (± 0.05 W) and the 

measured input power (± 0.01 W). The propagated error of the calibration and power 

measurements was ± 0. 05 W. 

Given an argon-hydrogen (95/5%) flow rate of 1.0 seem and an average excess power 

of 2.85 W, energy balances of over -7JX]0 4 kJ/moleH 2 (471 eVIH atom) were 

measured. The reaction of hydrogen to form water, which releases -241 .8 kJ I mole H 2 

( 1 .48 eV/H atom) is about 320 times less than that observed. The results indicate that once 
an atom given by Eqs. (1) and (3) is formed by a catalyst, further catalytic transitions 

n - 1_> J. an( j so on occur to a substantial extent. This is consistent with the 

3 4 4 5 

series of lower-energy hydrogen lines with energies of <7-13.6eF where 
q - 1,2,3,4,6,7,8,9, or 1 1 [5-7], the previously given theory [1-7, 27-29], and previous studies 
which show very large energy balances [6, 10, 14, 22-23]. These results were confirmed by 
Calvet and water-flow calorimetry. 
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4. Conclusion 

An rt-plasma formed with a low field (lV/cm), at low temperatures (e.g. ^10 3 K\ 
from argon and atomic hydrogen generated at a titanium filament with strontium which was 
vaporized by heating the metal. Strong Balmer emission was observed that indicated an energy 
source of > 12 eV . The energetic reaction of atomic hydrogen was anticipated to form 
energetic hydrogen atoms. Significant Balmer a line broadening corresponding to an average 
hydrogen atom temperature of 20 eV was observed. The time-dependence of the appearance of 
fast H supported an energetic chemical reaction as the source. The power balance of a rt- 
plasma with Sr* and Ar* as catalysts was measured by water bath calorimetry. An average 
excess power of 2.85 W was observed. The enthalpy of formation M1 p of strontium hydride 

is -199.1 kJImole (].0eVfH atom) [32]. Thus, the energy for hydriding all of the 4 g (46 
mmoles) of strontium would be 9.2 kJ compared to the energy released over the 25 hours of 
reaction time of 257 kJ. Thus, an excess power of 2.85 W measured calorimetrically on rt- 
plasmas with Sr* and Ar + as catalysts and atomic hydrogen as a reactant, compared with 
controls with no hydrogen and no catalyst present was representative of the excess power. 
This observation supported the rt-plasmas mechanism since there is no known chemistry which 
could account for the observed power. 
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V 



Figure Captions 



Figure 1. The experimental setup for generating an argon-hydrogen-strontium rt- 

plasma. 

Figure 2. Air-gap reactor comprising a hollow anode DC glow discharge cell and a 
stainless steel jacket for maintaining an argon-hydrogen (95/5%)- Sr + plasma. 

Figure 3. Water bath calorimetric system for measuring the power balance on an 
argon-hydrogen (95/5%)- Sr* plasma. 

Figure 4. The 656.3 nm Balmer a line width recorded with a high-resolution visible 
spectrometer on the initial emission of a hydrogen-strontium rt-plasma and the emission at 70 
hours of operation. Significant broadening was observed over time corresponding to an 
average hydrogen atom temperature of 20 eV . 

Figure 5. (a) The emission spectrum from a hollow anode, glow discharge of argon- 
hydrogen (95/5%)-strontium showing an intense Sr + (407.77 nm) line, (b) The high resolution 
spectrum (653.0-659.0 nm) of the argon-hydrogen (95/5%)-strontium plasma emission 
showing selective broadening of the Balmer a line relative to the argon and strontium atomic 
lines, (c) The selectively broadened 656.3 nm Balmer a line width recorded with a high- 
resolution visible spectrometer corresponding to an average hydrogen hot atom temperature of 
50.2 eV w jth a 83.5% population. 

Figures 6. (a) Water bath temperature profiles of the air-gap reactor with an input 
power of 10 W to maintain an argon-hydrogen (95/5%)- Sr* plasma compared to the heater 
calibration, (b) Excess power obtained for the plasma reaction as a function of time. 
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